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EARTH SYSTEMS EDUCATION 

Preface 

Earth Systems Education (ESE) is an effort to establish, within the nation's schools, more effective programs 
designed to increase public understanding of the Earth System that surrounds and sustains us all. ESE has 
grown out of the massive effort of science curriculum restructuring that has engaged many scientists and 
science educators over the past decade. It is a response to the changing needs of a country that has become 
the only world power — one that is experiencing the environmental and social ills stemming from its focus on 
a cold war and before that, a succession of World Wars. As our country's situation in the world has changed, 
so must the science that has assisted it in preparing for wars. ESE is the only wide-scale science education 
program that is directing its attention to diis new world in which the United States and its fellow coimtries 
find themselves. It focuses on the subject of all science, planet Earth, placing it at the center of the new science 
curriculum. Basic science concepts necessary for the understanding of natural processes are taught through a 
study of the Earth subsystems in which they operate. The concept of "density," for example, can be taught 
through a study of weather systems and air masses. It is joined again when considering ocecin currents cind 
again in looking at the implications of the theory of plate tectonics for explaining earthquakes and volcanic 
activity. ESE focuses on establishing an understanding of the processes that operate within our environment. 

It also uses the science thinking and problem solving processes that will be of most use in studying cind 
solving the many social problems that confront the world today. It represents a new definition of science 
literacy: those aspects of science that are of most importance for our world's citizens. The definition centers on 
the understanding of the natural processes of our Earth as they are experienced by every citizen, and the 
scientific procedures through which we have come to imderstand many of those natural processes. 

Earth Systems Education started as an effort to infuse more teaching about the Earth throughout the K-12 
science curriculum. A grant from the Teacher Enhancement Division of the National Science Foundation 
provided support for the Program for Leadership in Earth Systems Education (PLESE) stretching over four 
years, from 1^0 to 1994. Ehiring that period of time, about 200 teac became directly involved in the 
program through three-week long workshops conducted at The Oh State University and at the University 
of Northern Colorado. An estimated 7,000 additional teachers have been involved in short workshops con- 
ducted by the teacher participants and staff of this effort. 

Early in the PLESE program a few participants involved in curriculum restructure in their own districts began 
to think about creating interdisciplinary science programs using the Earth System as the organizing theme for 
such programs. They began to emerge in several school systems in Ohio, New York, and Colorado at the 
elementary, middle school, and high school levels. At the PLESE summer workshop held in Columbus in 
1992, a team of teachers developed a strategy for the development of Earth Systems integrated science 
curricula. They felt that many teachers in school systems throughout the country would be attracted to a 
vision of a science curriculum that expanded beyond the traditional, cold war emphasis on basic concepts of 
physics, chemistiy, and biology, often unrelated to the Earth systems in which they operate. But they also felt 
that these teachers needed assistance in developing such curricula. Few of them have the luxury of extra time 
to think "big" — to design an entirely new approach to their classroom instruction and content. The PLESE 
planning committee and project staff, therefore, decided to develop a set of resource documents that would 
assist teachers in developing ESE curricula. An especially selected group of former PLESE participants met in 
a special summer workshop held in Greeley in 1993. This document is an outgrowth of their efforts. 

This resource guide consists of several independent sections. Each can be used separately. There is no linear 
development of ideas or skills. The sections focus on each of the following themes. 
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One: The first consists of several articles that have been published about ESE. Its purpose is to provide a 
knowledge base about the philosophy and approach of Earth Systems Education. Key to this philosophy is 
the Framework for Earth Systems Vducation which you will find in its entirety at the end of this first section 
of the guide. It identifies the important conceptual understandings that lie at the core of ESE. The second 
foundation that underlies ESE is a collaborative approach to learning. This is discussed in the first article 
from the Journal of Geological Education and again in a special part of Section Five entitled, "Teaching Ap- 
proaches in an Earth Systems Classroom." 

Two: This section includes several parts devoted to a description of the current national climate for science 
education and the manner in which ESE meshes with projects, such as Project 2061, that have prospered in 
that national climate. This section can be used by teachers in their attempts to "sell" administrators and the 
public on these new approaches to science knowledge and learning. 

Three: Here we have provided descriptions of several successful efforts by teachers to implement ESE 
curricula in their schools and school systems. The strategies they have used should provide ideas to. the 
readers on approaches that could be adapted for use in their own situations. 

Four: We would anticipate that Section Four is the one that teachers will find of most use. It provides a 
series of steps and ideas that teachers have found useful in their own efforts at curriculum restructure using 
the ESE model. 

Five: ESE teachers go beyond simply changing the content of their science curricula. They also change their 
approaches to teaching and assessment. In this section we provide on overview of the type of classroom 
climate that should typify an FSE classroom. Suggestions are provided on how to conduct collaborative 
learning and how to use differ mt types of authentic assessment techniques, such cis rubrics and portfolios. 

Six: Through the PLESE program we learned that there was little need for the development of new teaching 
materials, at least at the elementary and middle school levels. In tliis section we provide ideas about sources 
of materials and information that have been successfully used by teachers in developing ESE curricula. 

Seven: If you are serious about developing a modem approach to science curriculum and teaching, you will 
need to conduct workshops for other teachers to assist them in developing the skills necessary to implement 
these approaches. In this section we have included teacher developed and tested approaches to conducting 
short FSE workshops. 

Eight: Normally teachers will meet together to develop a syllabus for new curricula. In this section we have 
included several such syllabi developed for the elementary, middle school, and high school levels. These 
should provide ideas for the scope and sequence of topics in model Earth Systems Education curricula. 

Nine: Here we have included samples of ESE units that have been developed by tead.r*^ for the elementary 
and middle school levels. Also included is an expanded course outline for a high school level, two-year, 
integrated biological and Earth Systems course. Sample activities are included for each of the sections. 

Our intent with this publication is to pass on to other teachers the wisdom of those who have been involved 
in ESE through PLESE and associated programs. We trust that professional educators at all levels, adminis- 
trators, supervisors, university curriculum specialists, and science educators, will find in this document the 
assistance they need to understand the ESE approach and to develop the knowledge and skills needed in 
implementing it in their own schools. 
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Exploring Earth Systems Education 



In this first section we have included a series of published articles which the reader can use to develop a background 
knowledge of the philosophy and history behirid Earth Systems Education (ESE). All have been written by individuals 
involxKd throughout the development of ESE efforts. Together they represent a history of the development of ESE and an 
insight into the fundamental philosophy of the program. 



Overview of Articles in this 
Section 

The Role of Planet Earth in the New 
Science Curriculum 

This article appeared in the Journal of Geological 
Education aind is a record of the emergence of ESE 
from a concern for more effective teaching about the 
Earth. It was directed at the Earth Science Education 
commuruty which represents a well established 
curriculum interest group here in the United States, 
unique in the world. The article therefore focuses on 
the problems of Earth science education as an under 
represented force in science curriculum decision 
making and curriculum reform. It is the first pub- 
lished source which suggests that planet Earth might 
be the logical focus and organizing principle behind 
a truly integrated science curriculum. As such, it 
provides a rationale for such a focus. It cites some 
support for this idea from the writing of Stephen 
Gould. 



What Every 17-year Old Should Know 
About Planet Earth: The Report of a 
Conference of Educators and 
Geoscientists 

The second article is the report of a 1988 conference 
in which the first suggestions for an Earth Systems 
Education approach to science curriculum and 
teaching were made. This conference, held to 
supplement the efforts of Project 2061 of the Ameri- 
can Association for the Advancement of Science, 
included scientists from various federal science 



agencies and universities, and teachers and science 
educators from many areas of the United States. 
Several of the teachers in this conference went on to 
become essential contributors to the philosophy and 
structure of Earth Systems Education. The seven 
Earth Systems Understandings (see the ESE Frame- 
work at the end of this section) evolved out of the 
ten concepts that the conferees concluded were 
essential components of any science education 
reform movement. The article, originally published 
in the journal Science Education, will provide the 
reader with an understanding of the national context 
in which the ESE concept was formulated and 
prospered. It also demonstrates the solid, scientific, 
and practical educational underpinnings of ESE. 

The Essential Contributions of Earth 
Science to Science 

There are several contributions of the Earth sciences 
to science that normally go unnoticed and unre- 
presented in the science curriculum. Two articles 
provide a discussion of the three types of contri- 
butions; philosophical, methodological, and con- 
ceptual. The first article, "Earth-systems science: A 
planetary perspective" from The Science Teacher 
provides a general overview for practicing teachers 
of these contributions. It makes a strong case for 
their inclusion in all science curricula. The second 
article, "Down to Earth biology", was published in 
the American Biology Teacher, It applies the Earth 
science contributions in the three domains to sec- 
ondary school biology courses. It suggests ways in 
which these unique contributions, such as Deep 
Time, can be used to enhance biology students' 
understanding of the Earth they live upon. 



& 
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Earth Appreciation 

This article appeared in The Science Teacher, It pro- 
vides a powerful argument for the inclusion of 
aesthetic components in science courses. The Earth is 
beautiful. Its ^auty needs to be preserved for future 
populations to enjoy as our students do. Therefore 
we must tmderstand its processes and how we 
influence those processes with population growth 
and the growth of technology. The article provides 
examples of how teachers can provide instruction 
that enhances ESE Understanding #1 (The Earth is 
imique, a planet of rare beauty and great value) 
among their students. 



Conclusion of Section 

This first section of the Resource Guide concludes 
with two "fact sheets" that can be used by teachers 
in providing backgrotmd to parents, school adminis- 
trators and other teachers of Earth Systems Educa- 
tion and an annotated bibliography of the articles 
that have been written about this unique science 
curriculum effort. The first fact sheet is an issue of 
the ERIC/eSMEE Digest titled Earth Systems 
Education. It provides a brief summary of the 
development and nature of Earth Systems Educa- 
tion. Following the issue of the Digest, is the most 
recent version of the Framework for Earth Systems 
Education. It provides the conceptual "check list" 
for the development of science currietdum. 

An Annotated Bibliography of 
Earth Systems Education 
Articles 

There are other articles that have been published 
about ESE. You might be interested in doing some 
further reading. If so, we provide here an annotated 
list of all such articles published at the time this 
Resource Guide was completed. 

Fortner, R.W. (ed.). 1991. Special Earth Systems 
Education issue of Science Actixnties. Spring: 28:1. 
This issue of Science Activities includes the Earth 
Systems Education Framework and articles with 
suggestions for teaching toward each of the seven 



Understandings of the framework. It has won a 
special journal editors award for excellence. 

Fortner, Rosanne W., et al. 1992. Biological and 
Earth Systems Science. The Science Teacher 59(9):32- 
37. 

A description of the Worthington, Ohio, Biologi- 
cal and Earth Systems Science (BESS) course 
sequence. This is a two-year integrated course at 
the high school level, replacing the traditional 
Ecirth Science and Biology courses for all students. 

Fortner, Rosanne W. 1992. Down to Earth biology. 

The American Biology Teacher 54(2):76-79. 

A description of the general concepts from the 
Earth Sciences which, if taught in biology courses, 
would provide a stronger context and back- 
groxmd of biology concepts for high school 
biology students. 

Fortner, Rosanne W. 1991. A Place for EE in the 
Restructured Science Curriculum. In, Baldwin, J.H. 
(ed.). Confronting Emnronmental Challenges in a 
Changing World Troy, OH: North American Associa- 
tion for Environmental Education. 

A description of the environmentcil education 
goals that can be met by using an Earth Systems 
focus for the restructuring of the science curricu- 
lum. 

Mayer, V.J. 1989. Earth appreciation. The Science 
Teacher 56(3)::60-63. 

A discussion regarding the place of aesthetics in 
teaching about planet Earth. Examples are drawn 
from art, history, and literature that illustrate their 
use in teaching science. 

Mayer, V.J. 1990. Teaching from a global point of 
view. The Science Teacher 57(1)::47-51. 

A description of how science can be used as a 
model for global education. Suggestions are 
provided as to how science teachers can incorpo- 
rate global education into their classes. 

Mayer, V.J. and R.E. Armstrong. 1990. What every 
17-year old should know about planet Earth: The 
report of a conference of educators and geoscientists. 
Science Education 74:155-165. 

Summary of the 1988 conference involving 
scientists from NASA, NOAA, USGS, and several 
universities, and science teachers and administra- 
tors to determine what every citizen should 

10 
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understand about planet Ecirth in order to live 
"responsible and productive lives in our democ- 
racy." 



Mayer, V.J. 1991. Earth-systems science: A plan- 
etary perspective. The Science Teacher 58(l):34-39. 
An examination of the philosophical, method- 
ological, and conceptual contributions the study 
of Ae Earth sciences can make to the K-12 
curriculum. 



Mayer, V.J., et al. 1992. The Role of Planet Earth in 
the New Science Curriculum. Journal of Geological 
Education 40:66-73. 

This is a description of the rationale for the use of 
Earth as a focus for the integration of science 
programs, K-12. It is directed at the Earth science 
educational commimity and therefore documents 
the frustrations of that community with the 
general failure to include significant content from 
the Earth sciences into K-12 curricula, especially 
at the senior high school level. 



Mayer, V.J. 1993. The future of the Geosciences in 
the Pre-College Curriculum. Paper presented at the 
International Conference on Geoscience Education 
and Training (Southampton, England, United 
Kingdom, April 23, 1993). ED 368 556. 

This is an update of the earlier article which 
appeared in the Journal of Geological Education, It 
provides a much stronger argument for the 
development of integrated science curricula using 
Ecirth as the organizing focus. A version of this 
ERIC document will be published as an article in 
Science Education. 





The PLESE team from the South-Western City Schools (OH) xvorking on a middle school curriculum model. 
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ABSTRACT 

Earth science Is very poorly represented In the na- 
tion's scienoe curriculum. The two rniyor sdence curricu- 
lum restructuring projects Inadequately pre^^nt planet 
Earth In their major understandings. The earth sdenoes, 
In turn, have undergone radical changes In the past 20 
years resulting In a conceptual shift to what is being called 
the Earth System. Earth System concepts must be Infused 
throughout the nation’s science curriculum. The Earth 
System^ in fact, could very well serve as the conceptual 
framework upon which to base the entire K-12 sdence 
curriculum as the new integrated sder)ce curricula evolve. 

. For this to happen, there must be a nxx e accurate under- 
standing of the nature of sdence among the nation's 
sdence-currlculum builders, a better understanding of the 
naive theories about the Earth System that children bring 
to the dassroom, and adequate resources allocated to the 
study of sdence In the nation's schools. Hanging In the 
balance is a sderice, political and business leadership, 
that is earth illiterate, incapable of making the dedsions 
that wi help to insure a habitable planet Earth for our 
future generations. 

Keywords: Earth sdence - teaching and cunicuium; earth 
science - teacher education; education - precollege; 
education - sdence. 



introduction 

The sdenoe-education community has been confronted 
with an avalanche of studies and surveys seemingly demon- 
strating the inadequacy of the nation's sdence curriculum and 
how it Is deitvered. in the face of a veritable storm of concern 
that has arisen in the wake of these studies, several efforts 
are now underway to radically change the content and organi- 
zation of the cunicuium. Th^ indude "Project 2061" of the 
American Association for the Advancement of Science 
(AAAS) and the "Scope, Sequence and Coordination" project 
of the National Sderioe Teachers Association (NSTA). The 
"Earth Systems Education" program centerod at the Ohio 
State University and the University of Northern ColonKk) con- 
stitute a related effort, its philosophy ar)d approach to sdence 
content is consistent with those of larger and better known 
national projects, but it differs in significant respects. One 
major difference Is the focus on planet Earth as the connect- 
ing subject of the sdence curricuium. This article describes 
the rationale for Earth Systems Education, Its history and 
importance, and the Impilcations for research and furtfm de- 
velopment that have p r oceeded from initial implementation 
efforU. 



Science Literacy 

The many studies that have focused concern on our sd- 
enoe programs are similar in their sources of information and 
data. They indude attempts at measuring sdence under- 
standing through paper and pendl tests, or in the case of Jon 
Miller's studies of adult literacy, telephone interviews. The 
limitatlorm of such information-gathering procedures for iden- 
tifying undedying understandings of science processes and 
procedures are well documented in the sdenoe-education lit- 
erature, espedalfy that dealing with naive theories and mis- 
conceptions. Caution should be exercised, therefore, in the 
ready acceptance of such data as indicative of failures of the 
sdence curriculum and teaching methods. 

Other types of information that have been dted as indicat- 
ing defidendes in our educational system indude that relating 
to our deteriorating position In the world economic community. 
If such a dedine can indeed be linked to failures in our edu- 
cational system, then there is substantial performance-based 
evidence of the system's failings. Clearly, however, such 
measures of educationat success must noi be uncritically ac- 
cepted. However one views the data dted in support of 
sdence-education defidendes, there is certainty need for re- 
structuring of a system that hasn't changed appreciably in the 
last 100 years. 

Earth Literacy 

Performance-based evidence of a nature similar to that 
demonstrating our ecorKxnic dedine also occurs in arK>ther 
realm; the prevailing economic and political atmosphere 
which has resulted in the spedes-threatening deterioration 
and resource depletion of our Earth System. If our sdence 
curriculum successfully prepares citizens to understand sd- 
enoe as a rational attempt to learn about our plartet and Its 
environs, we should have Eaith-titerate physical scientists, 
engineers, economists, potttidans arxf irKiustrlalists who un- 
derstand the relationships between the processes scientists 
have Identified arxJ engineers have harnessed for economic 
and defense purposes, and the earth subsystem from which 
they were derived. Can this be the case when industrialists, 
encouraged by their chemists and engineers, until recently 
recommended the continued use of CFCs arid the growing 
and inefficient use of fossil fuels? If our business arxf political 
leaders were Earth literate and understood the relationship 
between species diversity and the well-being of the biosphere 
with Its implications for future human health and long-range 
economic well-being, would we be destroying the rain forests 
of the Pacific Northwest for short-range employment, eco- 
nomic, and political benefits? Would our politicians forsake 
long-range energy policies that would reduce our dependence 
on oil with its impilcations for global warming, if not world 
political and "defense" relationships, if our politii^ leadership 
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wm Earth IKerate? Not only art wo becoming a acienoo- 
Hllterate oountiy» but even more dietreeslng le the fact that 
many of our leaders in scienoe, Industry, and polKics fan to 
demonstrate by their leadership actions an adequate knowl- 
edge of the Earth System. They do not seem to be "Earth 
iitemte." 

The peiformanoe-based type of evidence cited above is 
supported by the various national and international studtes of 
sdenoe achievement and aduH scientific literacy. Jon MIlier 
(National Sdenoe Board, 19S9), for example, found that fully 
.63 percent of American adults believe thst dinosaurs coex- 
isted with early humans. Responding to another question, 65 
percent were confused as to the cause of day and night Fully 
54 percent believe that aeationism is at least as scientifically 
credible for explaining the origin of the human species as 
evolution. That individual physical scientists can be Earth illit- 
erate is illustrated by an articie published in School Science 
end Methemetice entitled "On Darwin's Theory of Evolution," 
in which U,e writer, a professor of physics, uses typical 
creationist arguments a^nst evolutionary theory by citing 
scientists such as Steven J. Qould and Miles Eldredge out-of- 
context (Aviezer, 1088). 

No systematic data on Earth literacy have been collected 
from our pditicat leaders. However, the following Item from 
Newsweek (p. 54, April 9, 1990) is revealing. Vice-President 
Dan Quayle, who is also chairman cf the Natiofud Space 
Coundl, is quoted in response to the question, "Why send 
astronauts to Mars?" as follows: 

We have seen pictures where there are canals, we 
betieve, and water. If there's water, that means there's 
oxygen. If oxygen, that means we can breathe. And there- 
fore, from the information we have right now. Mars dearly 
off ers the best opportunity to see if a man or a woman can 
be able to survive on that planet. 

Our nation's students are equally unprepared to make 
decisions regarding Earth processes. Understanding of earth- 
science concepts in the "six nations study," compieted by the 
Educational Testing Service, placed the United States in a 
last place tie with Ireland with 61 percent cf Items answered 
correctly (Lapointe, 1989). The summary of results from the 
1984 National Assessment of Educational Progress (NAEP) 
indicated that, whereas dedines in other areas of sdenoe 
achievement d 17 year dds may have been arrested, prob- 
lems in earth-sdenoe knowledge remained: 

Mastery of biology Kerns fell at the same rate as 1977, 
although the dedine la no longer statistically significant. 
Dedines in physical sdenoe appear to have leveled off, 
but Earth-sdenoe and integrated topics are areas of con- 
cern; dedines in both dusters are statistically significant 
(Hueftle, Rakow and Welch, 1983) 

Analysis of the most recent NAEP results found nothing to 
indicate a turnaround had occurred. In fact performance on 
earth-science questions dropped another four or five percent- 
age points (La^nte, 1989). 

Misrepresentation of the Nature of Solenoe in Curricula 
The history of the development of our sdenoe estab- 
lishment is intimately intertwined with perceived needs for 
miiitary, defense, and industrial applications. Funding for re- 
search, whether from national treasuries or from Industrial 
pockets, has Invariably been tied to the demonstration of 
short-term benefits to the economy, defense, or intemational 
status. This approach has had a mqjor Inspect on the type of 
sdenoe that has been conducted, not only In the Untied 



physical or biological processes have been the ma)or goals of 
investigation. AltiKXjgh the initial observation and description 
of phenomena have been fundamental in this process, pri- 
mary emphasis is on the study of phenomena through rigor- 
ously controlled experimental techniques. The relatively large 
amount of political and financial support available to this 
phase of sekmoe has resulted In the historical ar>d descriptive 
methoddogiee being ignored and downgraded. They do not 
produce the economic and milKaiy berreftts of the "hard" sd- 
enoe approach. After alt, what practical use Is an under- 
standing of the evolution of trilobttes or of the development of 
continents and ocean basins? 

The commonly held image of science, therefore, is that of 
controlled laboratory experiments conducted by a balding 
white man wearing a white lab coat Ev^ component of this 
image is, of course, wrong. The most far-reaching impact of 
scientific investigation on our Inteilectual and cultural lives has 
been the result of investigations using historical and descrip- 
tive metiiodologies. They Indude among others the heliooen- 
tric solar system, the expanding universe, organic evolution, 
deep time, plate tectonics, and most recently, global dImate 
change. 

The sdenoe community is now in a state of flux because 
of the rapidly emerging understanding of the complexity of 
Earth systems. The "hard" science approach has been unable 
to provide adequate insight Into the complex processes of the 
Ea^ systems, illustrating the severe limitations of reduction- 
ist science for studying processes as they occur in the real 
world. Chaos, a matheinaticat theory bom in the 1960s In 
large part from Edward Lorenz's attempts to produce more 
accurate weather forecasting nxKlels, hia seized the mathe- 
matical and science communities with what may become the 
ma|or scientific revolution of our time (Qlelck, 1 987). It has the 
po^ to change how scientists view not only the world in 
which we live, but how we think about it and how we investi- 
gate It 

Chaos theory evolved out of the historical and mathemati- 
cal sdenoes, arid until recently at least, has been resisted by 
many of those committed to the traditiorwl deterministic and 
reductionist approaches used in the physical sdenoes. We 
see in this development and growing acceptance of chaos 
theory, the closing of a drde by the "hard" scientists. The 
linear approaches to sdenoe they have championed originally 
evolved out of the matrix of the natural sdenoes. Now with 
their return to the non-linear, real world of the natural sden- 
tists, th^ bring the mathematical tools that can assist in pro- 
viding a deeper understanding of our Earth Systems. 

Uttle of the excitement of sdenoe enters our classrooms, 
and little of Its fasdnating complexity as Illustrated by chaos 
theory, earthquake or weather prediction, or the hiutodcal de- 
vek>pmont of continents is afforded our brightest students. 
Instead, the nature of sdenoe continues to be Inaccurately 
portray^ in every classroom in our country. Elementary-, 
middle-, and high-schod students learn that unless a person 
does experiments she/he is not a scientist. Steven Gould 
commented on this deep-seated bias against the historical 
sdenoes In his article. Evolution end the Triumph of Homol- 
ogy, or Why History Metiers: 

Historicat science is sttli widely misunderstood, under- 
appreciated, or denigrated. Mod children first meet sd- 
enoe In their formal education by learning about a power- 
ful mode of reasoning called "fhe sdentific method." 
Beyond a few platitudes about ob)ectivKy and willingness 
to change orw's mirxi, students team a restricted stereo- 
type about observation, simpIKIcatlon to tease apart con- 
trolling variables, crucial experiment, and prediction with 
repetition as a test. These classic "billiard bair modes of 
simple physioiki systems grant no uniquenesft to time and 



States, but throughout the world. One result has been empha- 
sis upon a deterministic and reductionist paradigm for sd- 
enoe, where the Isolation and study of specific utilitarian 
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ot^ect - Indeed, they renxwe any special character as a 
confusing variabie - lest repeatability under common con- 
ditions be compromised. Thus, wh^ students later con- 
front history, where complex events occur but once In 
detailed glory, they can only conclude that such a subject 
must be less than scienoe. And when they approach taxo- 
nomic diversity, or phylogenetic history, or biogeography - 
where experiment and repetition have limited ai^lcatlon 
to systems In toto - they can only conclude that some- 
thing beneath science, something noerety "descriptive,” 
lies before them (GouW, 1986). 

The misrepresentation of science that pervades the sdence 
cuniculum bears bitter fruit in the mtsunderstarKiing rampant 
among the American public of basic concepts such as evolu- 
tion. The lack of understanding unong political and business 
leadership when confronted by issues such as add rain, 
global warming, or deforestation is tmiy appalling. An under- 
standing of these issues is dependent upon the historical or 
descriptive methodology of science. An example of this lack 
of understarxiing of the descriptive and historical sciences 
occurred recently when the President's Chief of Staff began to 
question the mounting evidence for global warming. John 
Sununu, trained as an engirreer, called into question the qual- 
ity of that data by dassifying scientists working on global 
change with the pejorative lab^ (In his mind) of "environmen- 
talists,” and dedared ^itent to develop his own global- 
change rTKxiel. Thus, presumably, using the so-called "hard” 
or linear sciences to "prove" the "envlronmentalisls" wrong. 



Science Curriculum Ignores Planet Earth 

We have inherited an andent and irrelevant high-schod 
sdence curriculum, its influence has permeated the earlier 
grades, negatively affecting the middle-school curriculum, 
which needs to prepare students for high school, and the 
elementary-school science curriculum, which of course, 
needs to prepare students for the middle school. Orlginaliy 
established by the Corrrmittee of Ten of the National Educa- 
tion Association in 1 893 as the college preparatory curriculum 
in sdence, the so called "layer cake" of physical geography, 
biology, chemistry, and physics, has over the past 1(X) years 
changed in only one respect - the effective elimination of the 
one layer that dealt in some respect holistically with the Earth 
System - physical geography. Despite the curriculum renewal 
efforts of the 1960s, the essence of the sdence curriculum 
today is tittle different than that established by the Committee 
of Ten in 1893. it is the semblance of what sdence was In the 



$ 



latter 19th century, with a thick, almost Imperwtrable, overlay 
of modem facts and definitions that Is not at all appropriate for 
the economic, global, and environmental challenges fadng 
our citizenry today and in the near future. 

Is it any wonder therefore that our students and citizens 
are ignorant of the planet on which they live? Iris Weiss 
(1987), in her longitudinal studies of sdence teaching, has 
documented some of the problems with K-12 sdence Vaca- 
tion. She found that only 15 percent of elementaiy teachers 
were comfortable with their knowledge of earth sdence. while 
27 percent were comfortable in life sdence, and 67 percent in 
mathematics. This Is understandable because the Weiss data 
also Indicates that only 44 percent had completed one or 
more college courses in earth sdence, while 72 percent had 
completed a course in physical sdence and 86 percent in life 
sdences. Most elen>entary teachers will emphasize those 
topics they understand. Therefore little Is taught in elementary 
school about the Earth System or our relatkxiships within it 
and responsibilities toward it. 

At the middle-schoDl level the situation is somewhat 



better. About 70 percent of our children have the opportunity 



of taking an earth-sdenoe course during one of the three 
junior high-schod years. Most of the remainder will take gen- 
eral sdence which nonnally includes some earth-sdence con- 
tent The quality of the earth sdence taught In junior-high 
school comes into question, however, when one examines 
the preparat *. ; of the teachers of these courses. Sbcty-three 
percent havij had three or fewer courses In the earth sci- 
ences, whereas only 15 percent have had three or fewer 
courses in the physkV sdVces. Of the three sdence-content 
areas, junior-high teachers are by far most poorly prepared in 
the earth sdences. 

The most serious problem, however. Is in the senior high 
schod. According to Weiss’s (1 987) less than three percent d 
the nation's senior high-school StuVnts have the opportunity 
of taking a course in one of the earth sdences. This rnight not 
be a problem, if the concepts of the earth sderKses were 
covered in the traditional physical-sderx» courses, chemistry 
and physics. This would seem reasonable since earth sdence 
is often lumped in with the physical sdences. A recent analy- 
sis d the most-used textbix>ks in those subjects, however, 
revealed that, for example. Chemistry, a widely used high- 
schod chemistry textbook published by Heath (1937), had 
less than 25 pages d a total d 670, devoted In some way to 
the discussion d the Earth System. Chapters 1 and 2, which 
dealt with water arxl energy, did not contain a single substV- 
tive rderenoe to an Earth subsystem. Physics, a widely used 
high-schod physics text published by Merrill (1986), had only 
five pages d a total d 549 which dealt somehow with an 
Earth subsystem. Conceptual Physics, published by Addison 
Wesley (1987), did much better, but still only 26 pages of a 
total of 622 dVtt with the Earth System. If the topics are nd 
covered in the textbook, then they are most likely nd being 
covered In the courses in physics and chemistry. Weiss' 
(1 987) data indicate that 93 percent d alt high-schod sdence 
dasses use a standard published textbook. The 1986 NAEP 
data (Horizon Research, Inc, 1989) indicate that, in the 11th 
grade, 70 percent d the students reported reading the text- 
book in da^ at least once a week, with 28 percent reporting 
reading the book every day in dass. When asked if th^ ever 
read articles about sdence in dass, 39 percent sakJ never, 
and 26 percent said less than once a week. The most fr^ 
quentiy reported dassroom activity was "sdving sdence 
problems." Seventy-two percent reported ddng this at least 
once a week with 30 percent reporting ddng it every day. This 
is probably "ddng the problems at the end d the chcgder.” 
Thus the available data strongly suggest that, at the senior 
high-schod tevel, the textbook Is tho curriculum, reinfordng 
the belid that little is done at that level to acquaint sdence 
students with Earth-System corKepts and processes. Our fu- 
ture scientists, pditidans, economists and business leaders 
do not have an opportunity, therdore, to take a sdence 
course offered at the levd d sophistication appropriate for 
bright high-school students that would inform them about the 
planet on which they live. 

Earth Systems Education: A Movement Toward Solution 

Since the cuniculum revisions d the late 1960s, there 
have been tremendous advances in the understanding d 
ptand Earth from the application d high technology in data 
gathering by satellites and data processing by supercom- 
puters. As a result, earth scientists are in the process d 
reinterpreting the relationships among the various subdisd- 
plines arxl their mode d inquiry. These changes are docu- 
mented in the "Bretherton re^,” developed by a committee 
of scientists representing various government agendes with 
earth-sdence research mandates (Earth System Sdences 
Com mittoe, 1988). This reconceptudization of the processes 
and goals for study of planet Earth has been tem^ "Earth 
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Syst^ Sdenoa.” It providea a conceptual basis for rethink* 
ing, not only artwt should be taught in traditlonai eaith-sdonce 
courses^ but the fabric and organization of the total K-12 
sdenoe curriculum. 

The Earth System Is a constantly changing entity. 
Changes occur on two time scales. One set occurs on a scale, 
of millions of years and is illustrated by processes such as 
plate tectonics and organic evolution. The other occurs on the 
time scale of decades and centuries and Is Uiustrated by 
global warming and add rain. These latter changes are dra- 
matically influenced by the world's human population^ an ever 
more influential component of the biosphere. An under- 
standing of these short-term global changes is essential for 
the health of future generations of humans and of the planet 
as a whole. Therefore, a powerful case can be ma^ for 
making the Earth System a centra! organizing theme for future 
K-12 sdence-curriGulum development There is another rea- 
son as well. Science, after ail, Is fundamentally our attempt to 
understand our habitat and how we came to be a part of it - 
in other words, our attempt to understand our Earth system. 
Why shouldn't the science curriculum therefore be organized 
around the subject of science, the Earth system? 

Project 2061 is the major attempt thus far in laying the 
basis for a reoonoeptualizatlon of the content of the K-12 
science curriculum. Its report of Phase I (AAAS, 1989) has 
heavily Influenced the completed Califomia Frame- 

work (Science Curriculum Framework and Critetia Commit- 
tee, 1 990), which Is being considered as a possible nxxiel of 
sdenoe curriculum by more than 20 state departments of 
education. Project ^1 has also been adopted by the 
NSTA's Scope, Sequence, and Coordination effort aimed at 
restructuring the nation's science cunicuium. Phase I of Pro- 
ject 2061 was being developed about the time as the publica- 
tion of the Bretherton report. None of the scientists wooing on 
that report were Involved in Project 2061 . Little of their think- 
ing about the nature of science and the plar^et that is its most 
important subject is contained in Sdence for Ail AmericariS 
nor, oonsequentiy, the Califdmia Framework. In the minds of 
many, this failure to Indude a central role for planet Earth is a 
serious omission from documents that may very well deter- 
mine the future shape and content of sdenoe curriculum in 
this country. 

When it became dear that curriculum restructuring efforts 
might again ignore planet Earth and focus on the deterministic 
and reductionist model of sdenoe, a conference of geoeden- 
tists and educators was organized and took place in Washing- 
ton, DC in April 1988. The forty scientists and educators, 
induding many scientists from the agencies responsible for 
the Bretherton Report, met over a period of five days. 
Through small-group interaction techniques they developed a 
prellminaiy framew^ of four goals (Table 1) and ten con- 
cepts (Table 2) from the earth sciences that they felt every 
citizen should understand (Mayer and Armstrong, 1990). The 
content of this frannework was considered by the Project 2061 
staff in the development of their final report Through the work 
of the conference partidpants and subsequent discussions 
with teachers and earth-sdenoe educators at regional and 
national meetings of the NSTA, a new focus and philosophy 
for sdenoe curriculum, called Earth Systems Education, has 
emerged. 

In Spring of 1990, the Teacher Enhancement Program of 
the National Sdenoe Foundation awarded a grant to Ohio 
State University for a "Program for Leadership in Earth Sys- 
tems Education" (PLESE). The objective of the Program Is to 
infuse more content regarding the modem undersumding of 
planet Earth into the nation's K-12 sdenoe curricula. During 
tile four years of the grant, aome 60 teams, at least one from 
each of the 50 states, will be prepared In the philosophy of the 



Sdentifh Thought Each dtlzen will be able to understand 
the nature of scientific inquiry using the historical, 
descriptive, and experimental processes of the 
earth sdenoes. 

Knowledge: Each dtlzen will be able to describe and ex- 
l^n Earth processes arxl features and antidpate 
changes in them. 

StewardaNp: Each citizen will be able to respond In 
an informed way to environmental arxl resource 
issues. 

Appreciation: Each citizen will be able to develop an 
aesthetic appreciation of the earth. 

Table 1. Four goals set forth at the geoseientists and 

educators meeting in Washington DC in April 1988 (from 

Mayer and Armstrong, 1991). 



1 . The earth system is a smalt part of a solar system within 
the vast universe. 

2. The earth system is comprised of the interacting sub- 
systems of water, lar>d, ice, air, and life. 

8. The earth's subsystems (water, land, ice, air, and life) 
are oontinuousty evolving, changing, and interacting 
through natural processes and cycles. 

4. The earth's natural processes take place over periods 
of time from billions of years to fractions of seconds. 

5. Many parts of the earth's subsystems are limited and 
vulr>erable to overuse, misuse, or change resulting from 
human activity. Examples of such resources are fossil 
fuels, minerals, fresh water, soils, flora and fauna 

6. The better we understand the subsystems, the better 
we can manage our resources. Humans use Earth 
resources such as mineral and water. 

7. Human activities, both ornsdous and Inadvertent, 
impact Earth subsystems. 

8. A better understanding of the subsystems stimulates 
greater aesthetic appreciation. 

9. The development of technology has Inaeased and will 
continue to increase our ability to understand Earth. 

10. Earth scientists are people who study the origin, proc- 
esses, and evolution of Earth's subsystems; they use 
their specialized understanding to identify resources 
ar)d estimate the likelihood of future events. 



Table 2. Concepts that are a prerequisfte for an evolv- 
ing 21st-century view of planet Earth (from Mayer and 
Armstrong 1991). 

program. The teams will then gather curriculum resources 
and learn to organize and lead workshops. They will infuse 
Earth-systems concepts Into their own curriculum and assist 
other K-12 teachers in their states to do likewise. 

In preparation for this program, the PLESE Planning Com- 
mittee composed of ten teachers, curriculum specialists and 
geosdentists, met in Columbus in May 1990 to develop a 
conceptual framework. Preliminary vw>rk Induded analyzing 
the Project 2061 report for content relating to Earth systems. 
This analysis, combined with the results of the April 1968 
oonfereiKe, w«ur submitted to the PLESE Planning Commit- 
tee. Over a period of five days the Committee then developed 
a "Framework for Earth Systems Education” consisting of 
seven understandings (Table 3). These understandings pro- 
vide a basis for the PLESE teams to oonstnict a curriculum 
guide for their areas of the country and to select existing 
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Understandirn §1: Earth it unique, a planet of rare beauty 
and ^aat value. 

Understanding #2; Human activttiet, collective and Individ- 
ual, consdout and Inadvertent, are serlousty im- 
pacting planet Earth. 

UnderatafKilng #3; The development ol scientific thinking 
and t^ndogy increases our ability to understand 
and utilize Earth and space. 

Understanding #4; The Earth system is composed of the 
interacting subsystems c4 water, land. Ice, air, and 
Hfe. 

Understarxfing #5; Planet Earth is more than four bliiion 
years old and Its subsystems are oontinuaily evolv- 
ing. 

Understwiding #6; Earth is a small subsystem of a solar 
system within the vast and ancient universe. 

Understanding ^7: There are many people with careers 
that involve study of Earth’s o^in, processes, and 
evolution. 



Table 3. Framework for Earth System Edu^^stion consist* 
ing of seven understandings d^eloped by PLESE Pian* 
ning Committee. 

materials for implementing Earth-systems Education in their 
areas. Once prepared, teams conduct Earth Systems Educa- 
tion workshops in their states and locales. 

The Earth Systems Education Framework (Mayer, 1991) 
also has implications for the nation's science curriculum. It 
departs significantiy from Project 2061 and the CalHomia 
Framework in its rationale arid Its focus. The first under- 
standing (see Table 3) emphasizes the aesthetic values of 
planet Earth as interpreted in art, music, and literature (Mayer, 
1969). it streeses the creativity dt the human spirit and shows 
how that aeattvity has perceived and represented the planet 
on which we live; a creativity that is also essential to the 
proper conduct of science. By focusing on students' feelings 
toward the Earth Systems and on the way in which th^ 
experience and interpret them, students are drawn into a sys- 
tematic study of their planet, tfuit is, into sderKe. By bringing 
student attitudes and feelings Into the science classroom, sci- 
ence becomes more fully ind more accurately a human en- 
deavor, one that involves the total human being m the study 
of planet Earth and Its surroundings. Students are able to 
draw upon a broad range of talents and interests - both right 
brain as well as left (Mayer, 1969). 

The PLESE Planning Committee intentionally arranged 
the understandings into a sequence, realizing that when num- 
bers are applied priorities are Implied. The first two under- 
standings are considered crucial to those which follow, and 
they dej^ most dramatically from current scienoe-currkxilum 
recommendations. Placing them first on the list draws atten- 
tion to them. A variety of techniques and creative activities 
which involve learning aesthetic appreciation of the planet 
(the first understanding of the framework) leads the student 
naturally into a concern for proper stewardship of its re- 
sources (the second understanding of the framework). A de- 
veloping concern for conserving the economic and aesthetic 
resources of our planet leads naturally Into a desire to undr 
stand how the various subsystems function and how we stud, 
those subsystems, w\iich are the substance of the next four 
understandings. Tfvi last understanding deals with careers 
and avocations in science, bringing the focus back or>oe again 
to the Immediate corKsms and interests of the student. 



imsgreting Ihe Seienee Currioulum 

There is a strong movement toward reducing the empha- 
sis upon the distinctions among sdenoe disciplines in the 
ongoing sder)oeKXjn1culum renewal effort This is dearfy the 
goal of the Project 2061 recommendations, which are most 
easily i n terpreted as a call for an integrated sdenoe curricu- 
lum. it is also a reasonable extension of the philosophy of the 
NSTA's Scope Sequence and Coordination Project integrat- 
ing the sdenoe curriculum has certainly been a long-term goal 
of the sdence-ecjcation community. Attempts such as the 
Unified Sdenoe movement during the 1960s arxi early 70s 
have all but vanished as the teachers involved in the original 
development and implementation efforts moved on to other 
efforts or retired. Even the attempts of publishers to produce 
"integrated* eleme n tary-school sdenoe curricula have ended 
up presenting unread units of earth sdenoe, biology, 
and physical sdenoe. 

What all of the attempts to integrate the sdenoe curricu- 
lum in the past have la^ed was a ooncepiual focus. The 
logical focus for a new integration effort is the "Earth System." 
In essence, sdenoe is a study of planet Earth, our attempt at 
understanding how we got hwe arxi how our habitat works. 
What could be more natural than developing a K-12 sdenoe 
curriculum using the subject of all science investigations 
(planet Earth) as the unifying theme? Any physical, chemical, 
or biological process that citizens must understand to be sd- 
entiflcalty literate, can and should be taught in the context 
from which the particular proo'ss was taken for examination: 
its Earth subsydem. That is the major implication for Earth 
Systems Education and its impact on the nation's sdenoe- 
curriculum reform efforts. 



Earth Systems ImplemeittatkMt Efforts 

Sev^ projects are underway to test aspects of Earth 
Systems Education. The major one is the PLESE program, 
which works with teams of K-12 teachers from each of the 50 
states. Through a three-week-long summer workshop the 
three-member teams develop a resource guide based upon 
the Earth Systems Framework. To do this, each state team 
selects a tO|^ within one of the Earth subsystems. The teams 
then reassemble into grade-level teams arid develop a set of 
questions for each of the seven understandings that are ap- 
propriate for students at their grade level. They do this with 
reference to a scope and sequence grid having three dimen- 
siorts: attitude, sdenoe methodology, and locale. Each dimen- 
sion takes Into account the approprfaiSe developmenta] level of 
the student Once the questions are identified for each of the 
grade levels, the teams reassemble into state K-12 teams and 
refine and n^ify the questions to assure articulation among 
grade levels. Then the second phase begins: Identifying from 
existing resources the activities, audio-visual resources, stu- 
dent r^ings, and teacher resources that can be us^ to 
address ea^ of the questions on the evolving guide. What 
results is a K-12 resource guide for each of the Earth subsys- 
tems. Eventually, the guidm will be edited and integrated into 
a single Earth Systents Resource Guide, the final step In 
the tivee-year-k)f^ project The immediate purpose of the 
guide development is to provide teachers with a resource of 
Ideas for Infusing Earth-Systems oonospts throughout the ex- 
isting K-12 currkxilum. 

A second project testing aspects of the Earth Systems 
Education thrust is the developnient of an Integrated Biologi- 
cal and Earth Systems (BES) sdenoe sequence for a central 
Ohio high school to replaoe Earth science at 9th grade and 
Biology at 10th. The sequence, based on the Earth Systems 
Framework and philosophy, is organized around basic issues 
concerned with the Earth System; such as global dimate 
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change and deforestation. Th program Incorporates collabo- 
rative iMmIng and probleiT ^Ing techniques as a major 
instrxKtional strategy. Current technology Is also integrated 
Into the courses, including the use of on-line and CD-ROM 
databases for accessing current scientific data for use In 
course laboratory Instruction. 



Issues in the Development and 
Implementation of Earth Systems Education 

There are several sets of issues that will affect the devel- 
opment and Impiementation c4 Earth Systems Education In 
the nation's schools. The first relates to the nature of the 
content and what students know about Earth-Systems con- 
cepts. The second relates to the impiementation of any new 
curriculum into the senior high school, especially one that 
seeks to Integrate the sdenoes. 

An important rationale for including aesthetic appreciation 
about planet Earth as the first understanding of the Frame- 
work (Table 3) is that such a focus would stimulate greater 
Interest anrxxtg students in studying their f^bltat Will a focus 
on aesthetics facilitate and improve learning about Earth sys- 
tems? How can a student's feelings about r.arth and Earth 
processes facilitate rather than block the devek}pment of un- 
derstanding of Earth processes? Can science k^achers effec- 
tively Integrate topics from art, literature, and mu^ into their 
science curricv'ia? What mechanisms can be developed to 
coordinate instv .ction between humanities and the science 
curricula of schools? 

How can the historical arKi desetiptive methodology of 
scienoe be effectively taught? Perhaps one of the reasons it 
is not a nfX)r«» substantive part of the science curriculum is that 
by Its nature the thought processes involved are more ab- 
stract and complex than those used in experimental scienoe. 
Variables cannot be isolated; therefore there has to be a 
constant and concurrent oonsideratton of all variables in syn- 
thesizing and analyzing information. It is difficult for students 
to colleGt the types of data that are used in historical and 
descriptive studies. How can we engage young students sub- 
stantively in a ”minds-on” study of Ea^ systems? 

Most "hands-on" scienoe curricula use activities in which 
students odiect data from simplified laboratory experiments 
and try to approximate how a scientist would analyze and 
extrap^te from that data. At best, it becomes a simulation of 
what a scientist does. At worst, it misrepresents scienoe and 
leads to a lack of understanding of the nature of science. With 
the advent of computer and CD-ROM technology, data banks 
are now being mixfe available to students that provide real 
Earth-System data. It is now possible for students to manipu- 
late the same data used by scientists in the same way scien- 
tists do. Such utilization of data needs to be developed for use 
in the science classroom. Once developed such activities 
need to be evaluated for their potential in improving student 
understanding of science. 

Understanding processes in the Earth Systems requires 
some feeling for large quantities. How much is a million, 
whether it Is years, miles, or tons? Techniques need to be 
developed and ev^uated that lead to an understanding of 
such targe numbers. Little is done now in schools to establish 
such understanding. Some teachers have their students count 
dots printed on shMts of paper, posting them on the wails of 
the classroom. By the time a million Is reached they cover the 
classroom walls. Are such techniques effective? Are there 
others that could be used? What is the linkage between com- 
prehension of targe numbers arKi comprehension of theories 
such as evolution arKi plate tectonics, which deperni upon 
long periods of time, or understanding our place in the solar 
system or galaxy, which involve enormous ^stances? 



One of the major thrusts In sdenoe-educatlon research Is 
the identification of and strategies for overcoming naive theo- 
ries of natural processes held by students (Unn, 1987). Most 
of the effort *to date has been In studying basic physical- 
science concepts, such as mass, aooeleratkxi and light, iso- 
lated from their Earth systems. Several researchers have 
looked at astronomical concepts such as the seasons, Earth's 
shape and the moon's shape. (Snakier and Pulos, 1982; 
Treagust and Smith, 1987; Brewer, Hendrlch and Vosniadou, 
1988; Vosniadou and Brower, 1987; Vosniadou, 1987; 
Nussbaum and Novak, 1976; Nussbaum, 1979; Klein, 1982; 
Mall and Howe, 1979; Sadler, 1987; Schoon, 1989). Few 
have looked at processes and how they operate within an 
Earth System except for several studies ^ weather oortoepts 
(Piaget, 1972; Zarour, 1976; Bar, 1983, 1967, 1989; Stepans 
and Kuehn, 1988). Very little has been done to identify mis- 
conoaptlons of processes working within the lithosphm or 
hydrosphere. For concepts about our Earth system to function 
effectively as a focus arid structure for the scienoe currtcuium, 
there ne^s to be a major sustained effort at identifying such 
naive theories about the Earth systems. There are some in- 
triguing possible variations from the studies dealing with basic 
physk^ processes that resuft from the local and regional 
nature of Earth science processes. Do students living in the 
shadow of a mountain range have naive theories concerning 
how mountains are formed? Do the naive theories differ with 
the type of mountains found in the child's locality? Do they 
have naive theories about severe storms? Do such ideas 
differ among children living along the coast where hurricanes 
occur and those living inland in areas frequented by torna- 
does? What strategies are effective in changing naive theo- 
ries of Earth-System processes? 

There are a numtw of factors that affect the implementa- 
tion of any thoroughly new science curriculum, especially at 
the high school level. One of the problems associated with the 
implementation of the Biological and Earth Systems (BES) 
currkxitum has related to Advanced Placement (AP) courses. 
Where colteges and universities used to have an Indirect in- 
fluence on the content and nature of the high-school curricu- 
lum, that influence has become direct and immediate through 
the spread of Advanced Placement credit. Parents become 
concerned that their children will not be able to take as ntany 
AP courses if an integrated curricuium, such as the BES 
mentioned above, is implemented. In addition, there is con- 
cern that the new curriculum will not provide the background 
neoessary for successful performance in AP scienoe courses. 
As more and more sch^ districts Implement AP scierioe 
courses in their attempt to provide "more rigorous" science 
offerings, their influence in dictating the nature of the sderKe 
curriculum will beconte pervasive. Yet there is no body of 
research data on the effects of AP courses. Do they fadlKate 
students' entry to university preparatory programs for scienoe 
careers? Do AP students do as weii in their first college 
courses in the particular science discipline as those who have 
not substituted AP aedit for the Introductory course? If AP 
courses have such a pervasive influence on the nature of 
scienoe taught In our high schools, we must have answers to 
questions such as these. 

In an Integrated curriculum, how Is the more talented sci- 
enoe student encouraged? High schools are beginning to use 
versions of cooperative teaching methods. Can they be de- 
fined so that they are effective In stimulating and encouraging 
the talented student? The BES curriculum is using collabora- 
tive learning approaches and a special elective homrs desig- 
nation that integrates honors work with the non-honors 
classes. How can such an approach effectively stimulate in- 
terest without seeming to be merely extra work for students? 
How can such honors courses be offered without settkHl the 
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honors students apart from tha rest of the class kt their own 
attitudes and those of the other students? 

An ever growing deterrent to cuntouhim Innovation is the 
effect of standardized testing, tn an effort to upgrade educa- 
tion, most states are impternenting some font) of state-level 
testing of students. This in addition to the ever-pervasive 
SATs and other standardized testing programs discourages 
efforts to substantially reduce the traditional emphasis upon 
facts and defirtitions in the scienoe curricutum. tn fact, it has 
added to the problem. This negative impact of testing on 
science programs is well documented in the literature. What 
is the impact of testing on curricufum innovation? Can tests be 
developed that are able to assess understanding of broad 
concepts and problenvsofving abilities? Despite a great deal 
of oonoem and emphasis ib(^ these questions over the past 
decade, littie of substance has emerged to guide test devet- 
opmont and use. 

A variety of other questions have been with us over the 
years but they become especially important if we are to sub- 
stantially improve the scienoe curriculum. What Is an effective 
scheduling for scienoe courses? The prevailing pattern today 
is five 45 to 50 minute periods per week. Should this pattern 
be changed? if so, how? How can we reduce teacher loads? 
Most of our foreign oompetitors, those we are being compared 
with in the intemational studies of scienoe education, have 
teachers who teach 1 5 desses per week rather than the 25 or 
more taught by typical American hlgh-school teachers, if we 
are serious ab^ fundamentally restructuring the scienoe cur- 
riculum, American teachers must have time to update curricu- 
lum and teaching approaches. They do not have that time 
now. No wonder teachers simply take the next chapter in the 
text and use that to guide instruction. 

Why has it been so difficult to sustain integrated scienoe 
curricula implemented In our schools^ One of the major prob- 
lems Is the weak scienoe background of our teachers. NSTA 
oeftification requirements indude a major in one of the dlsd- 
plines, biology for biology teachers and chemistry or physics 
for physleal-sdenoe teachers, tn most universities the courses 
induded for the teaching major are the same as those for the 
major In the disdpline. Thus teachers become biologists or 
chemists or physicists. They do not perceive science as a 
single disdpline. When Implementing curricutum in the secon- 
dary schools they retain a loyalty to their disdpline. They don't 
feel comfortable teaching concepts they consider to be out- 
side their paiUcuiar dist^ine. This is no doubt one of the 
reasons that so littie from Earth systerrts is taught in chemistry 
or physics courses. 

If the new curriculum-restructuring efforts are to succeed, 
we will have to restructure the scienoe required in the prepa- 
ration of sdenoe teachers. Efforts need to be directed to the 
development of a unified set of courses at the university level 
that would be the common ground for the preparation of hlgh- 
school sdenoe teachers Ni the disdpline of scienoe. tn such 
courses, the Earth system will need to be at least an integral 
part, if not the central theme. To do this, university scienoe 
faculties will need to rethink their discipline's role In the total 
fabric of scienoe and the contributions it can make to an 
integrated sdenoe course sequence that wilt need to consti- 
tute the core of the science taken by pre-service teachers. To 
acoomiTxxtete these changes in teacher preparation pro- 
grame, oeftification requirements for sdenoe teachers will 
have to be changed. Careful thought should be given to de- 
velopment of oeitification starxiards for a single scienoe pro- 
gram that will accommodate all secondary-school sdenoe 
teachers and wilt relnforoe the trend toward the teaching of 
integrated sdenoe. 

Finally, the issue that underiiet all others is how to make 
available a sufficient resource base to solve the various 



problems hi scienoe education and education generally. We 
as a nation currentiy rank 10th out of 15 hxiustrialtzed nations 
in the percent of gross national product per capita we spend 
o.i K-12 education. Yet our poli^, industrial, and business 
leaders are saying that we already have all the money 
needed for an effective education. How do we refocus the 
national debate? How can we convinoe our opinion leaders 
and our average citizens that additional resources must be 
made available If we are ever to reach the national objectives 
for sdenoe education stated recently by our governors and 
the Bush administration? 

Conclusion 

The time appears to be ripe for the first total restructuring 
of the sdenoe curriculum since the Committee of Ten estab- 
iHshed the current high-schod sequence in the late 1800s. 
The dramatic changes that ftave taken place in sdenoe and 
in the understanding of how science Is le«uiied, and the evolv- 
ing demands of technology and the pressures it places on our 
environment require this restructuring. We rrxist develop a 
citizenry and a cadre of leaders who are comfortable with 
scienoe and knowledgeable about the role it plays In under- 
standing our Earth System. They need to understand the ap- 
plications of sdenoe in techno!^ arxl the role technology 
plays in our society, in scienoe and in changing our Ea^ 
systems. Earth Systems Education offers an effective ap< 
proach for reaching these ot^ectives. As a first step it provide 
for infusing planet-Earth concepts into ail levels of the K-12 
scienoe curriculum. For the long run, M provides an organizing 
theme for a K-12 integrated sdenoe currkxilum that could 
effectively serve the objectives of scientific literacy and, at the 
same time, provide a basis for the recruitment of talent Into 
scienoe arid technology careers, thereby helping to ensure 
appropriate economic development consistent with malntain- 
irig a high-quality environment 
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What Every 17-Year Old Should 
Know About Planet Earth: The 
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Educators and Geoscientists* 
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Columbus, OH 43210 

RONALD E. ARMSTRONG 
South Glens Falls {NY) Public Schools 



Introduction 

There is great public concern regarding the quality of science curricula in the 
nation’s schools. This concern has resulted in a number of efforts to redefine 
curriculum and especially to identify the curricular bases for scientific literacy. 
Perhaps the most prominent of these efforts is that of the American Association 
for the Advancement of Science, Project 2061 (AAAS, 1989). Such efforts in the 
past have, in the opinion of some science educators, neglected Planet Earth despite 
the fact that one could consider the entire domain of science as being an effort to 
understand our planet and how its processes work. Curriculum efforts, like the 
science disciplines that sponsor them, have often taken a reductionist approach 
focusing on the specific contributions of certain scientific disciplines in understand- 
ing concepts and processes within their defined domain, failing to relate them to 
the earth system in which they operate and interact with other processes and 
concepts. But, whereas scientists have seen the limitations of the traditional science 
disciplines and have spawned a variety of interdisciplinary efforts to understand 
basic processes, the science cv.Ticulum is trapped in the century old curricular 
straight-jacket of biology, chemistry and physics. This seems to have insured the 
neglect of the planet earth systems that are our home and govern our well-being. 

To provide a basis for an adequate representation of Planet Earth in the current 
curriculum efforts, a conference of educators and geoscientists was held in Wash- 
ington, D.C. in April, 1988. The four and one-half day conference identified those 
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goals and concepts about Planet Earth that every 17-year-old should know when 
completing pre-college education. The sponsors of the conference were the Amer- 
ican Geological Institute and the National Science Teachers Association. The results 
of the conference have wide-spread implications for the content of curriculum 
materials and instruction in K-12 science and geography courses. This article is an 
adaptation of a report of the conference published by The Ohio State University 
(Mayer, 1988). 



Background 

Participants in a meeting of educators and geoscientists held in September, 1985, 
concluded that the top priority for improving programs in earth science education 
was the development of a K-12 earth science syllabus. Those attending the meeting, 
held at the headquarters of the American Geological Institute (AGI) in Alexandria, 
VA, and supported with a grant from the National Science Foundation (NSF), also 
concluded that such a document if it bore the endorsement of both the scientific 
and science education communities would have a strong impact on the content of 
textbooks, state and local curriculum guides, and state and national tests. Partic- 
ipants felt that it would provide guidance for educators and scientists in conducting 
cooperative efforts to improve the teaching about Planet Earth in the nation’s 
schools. 

In Autumn, 1987, several science educators and science agency representatives 
in Washington, D.C., after lengthy discussions, concluded that the first step in 
developing such a syllabus would be to convene a conference of eminent scientists 
to identify the components of our current knowledge of Planet Earth that have 
relevance for the K-12 curriculum. Conversations with representatives of the Na- 
tional Aeronautics and Space Administration (NASA), the National Oceanic and 
Atmospheric Administration (NOAA), the United States Geological Survey (USGS), 
and the Directorate of Geosciences for NSF led to agreements to identify and 
support three or four scientists each to participate in such a conference. The sci- 
entists were selected within each agency using four criteria. Any scientist selected 
should: 

1) be recognized by peers as a leader in the discipline. 

2) have a broad knowledge of earth systems and be able to see beyond his/her 
specialty to the broad conceptual fabric of earth systems. 

3) have an interest in science education and have a commitment to help improve 
the science curriculum. 

4) be an effective communicator. 

Nineteen scientists meeting these criteria participated in the conference. 

The conference organizers (see Appendix) felt that scientists by themselves would 
have a difficult time completing the conference task since few would have any 
direct experience with schools and science curricula. Thus it was decided to invite 
about twenty teachers, supervisors and science educators as conference participants. 
They would bring knowledge of the nature of children and of the teaching task to 
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the conference, providing a point of reality that would ensure that the understand- 
ings identified by the conference would indeed be those that every 17-year-old 
could know and understand. The educators were selected on the basis of the quality 
of their science backgrounds and their records for leadership in their own school 
systems and nationally. In addition, care was taken to ensure representation geo- 
graphically, by grade level taught, and by role within the educational establishment. 
As a result there were elementary, middle school and high school teachers, state 
level science consultants and university science educators represented among the 
participants. The educators found their own sources of support for the conference 
primarily from their school systems and universities. AGi received a grant from 
the Science and Engineering Education (SEE) Directorate of NSF to cover the 
administrative and logistic costs. 

The conference, therefore, had a national perspective resulting from participation 
of scientists from three science agencies each with a national mission (NASA. 
USGS, and NO A A); scientists from universities in Oregon, California, South 
Carolina, Massachusetts, and Oklahoma; science educators from universities in 
Minnesota, Missouri, and Ohio; and supervisors and teachers from Washington, 
Idaho, California, Texas, Michigan, Ohio, North Carolina, Virginia, and New 
York. Its conclusions, therefore, can indeed represent a national agenda for re- 
forming what is taught about Planet Earth in our nation’s schools. 



The Conference Charge 

It had been over twenty years since the science community had been closely 
involved with educators in identifying the concepts in the earth science disciplines 
that should be taught K-12. Because of the technical advances provided during 
that time in data gathering a id processing and the intensive investigations of the 
earth system, our knowledge < f Planet Earth had changed dramatically. The charge 
to the conference was to idertify those understandings about Planet Earth that 
every citizen needs to know in order to live a responsible and productive life in 
our democracy. 

In attempting to fulfill the charge, the keynote speaker. Dr. F. James Rutherford, 
Director of Project 2061 of the American Association for the Advancement of 
Science, cautioned the participants to avoid the usual pitfalls of such efforts. He 
advised the group to discuss curriculum, not courses; not to buy in to the status 
quo of the existing curriculum structure but to consider the place of earth concepts 
in the total purview of science. Identify the concepts or processes that are important 
for the well being of citizens, not those that might contribute at some later undefined 
time to the understanding of some equally hazily defined goals. Rutherford is 
concerned, as are many science educators, that the current science curriculum is 
“bloated and overstuffed.’’ Students are required to memorize a vast array of trivia, 
most of which is forgotten soon after the test. He warned the participants not to 
add to that problem. In deciding on what new concepts to include, participants 
should also decide what old concepts should be eliminated from the curriculum. 
This trade-off always needs to be in mind. In addition, the elements identified for 
inclusion must contribute to the general aims of education. 
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Rutherford emphasized the need for curriculum to reflect the current require- 
ments of our social and economic systems and the basic understanding of the nature 
of scientific investigation. The various science disciplines are now intimately in- 
tertwined. Mathematics is the essential tool of modern science. More and more 
science is applied in industry and defense. Citizens must develop a fuller under- 
standing of how technology is used in our society. They must have a clear under- 
standing of evidence as the real authority in science, of the power of theories in 
the investigation of nature, of science as a conservative enterprise requiring rep- 
lication and openness. There needs to be a focus on the unifying themes, such as 
systems, models, and evolution. 

In choosing facts and concepts he warned participants not to fall into the trap 
of “watering down" ideas from the sophisticated ideas that “all scientists must 
understand.” Instead, identify what is fundamental, then build on that. structure. 
Rutherford suggested several criteria that should be applied in making judgements 
regarding possible curricular elements: 

1. What is the scientific significance? Will the concept or fact still be around in 
the next generation? 

2. What is the human significance of the idea? How does it affect or influence 
citizens? 

3. What is the philosophical power of the idea? How does it contribute to our 
understanding of the world? 

4. What is its current importance to our social and economic well-being? 

5. How does it contribute to personal enrichment? Does it make the world of the 
pre- 18-year-old more interesting? 

Rutherford concluded with several general suggestions. He invited the earth 
science education community to join in the total school reform movement. This is 
one of those times in history when it is possible to reconstruct the educational 
system. He encouraged all to participate in designing the system of tomorrow. 
Think K-12, infiltrating the entire curriculum with Planet Earth concepts. Empha- 
size the concrete, how things work, the dynamics of the earth system. Feature the 
connections to the other sciences. Make those sciences more interesting to students 
by showing how they can be applied to Planet Earth problems or concepts. Give 
priority to ideas and methods rather than words. Beware of authoritarianism, be 
open to the inclusion of new concepts, ready to discard the old. 



Organization 

As soon as each scientist was identified he/she was sent a letter requesting the 
development of a short, three-page paper outlining his/her preliminary ideas re- 
garding what every high school graduate should know about her/his field of inquiry. 
They were then compiled and sent to each of the participants about one week pricr 
to the beginning of the conference. These papers provided the focus for the first 
round of discussions. Scientists were assigned to one of four groups based upon 
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their specialty. An equal number of educators were assigned to the groups such 
that each scientist was teamed with an educator. Each of the resulting groups of 
about eight individuals each were led by a facilitator. Each group was to reach 
consensus on the goals and concepts regarding Planet Earth to be included in the 
education of every citizen. Each day started with a presentation to the entire group. 
Rutherford’s keynote address was followed on the next day by a talk by Dr. Audrey 
Champagne from the Office of Science and Technology Education of the A A AS. 
It focussed on learning problems afforded by misconceptions or naive theories. On 
the third day. Dr. Dallas Peck, Director of the United States Geological Survey, 
presented a talk outlining his perception of the place of the earth sciences in the 
general education of our citizens. The general presentation was followed each day 
by two small group sessions, one immediately after the talk and the other following 
the lunch break. Participants were brought together again at the end of the after- 
noon for two one-half hour presentations by participants on topics of general 
interest. 

At the end of each day the small groups recorded the results of their discussions. 
These were typed, reproduced and made available for their deliberations the fol- 
lowing day. On the third day of the conference, the groups were reassembled such 
that each of the new groups included an educator-scientist team from each of the 
previous groups. The charge to three of the groups was to integrate the conclusions 
from all four groups into a single set of recommendations. This resulted in three 
versions. On the afternoon of the fourth day of the conference these three versions 
were integrated by the total group through the use of group dynamics processes, 
such that consensus was reached on each aspect of the framework that resulted. 
The fourth group was asked to develop a set of guidelines for the development of 
a senior high school earth systems course. 

On the morning of the fifth day. most of the educators assembled to put the 
finishing touches on the conclusions of the conference. At this session wordings of 
the goals and concepts were agreed upon, and a preamble for the conclusions was 
developed. 

Conference Results 

Following are the results of the conference. Minor editing has been done to 
improve reading style, but the substance remains identical to that agreed to by the 
participants. 



Preamble 

As the 21st Century dawns, we find ourselves in the midst of a revolution in our 
knowledge concerning Planet Earth. It is imperative that every 17-year-old develop 
an understanding of Earth concepts as well as appreciate the beauty of the Planet 
Earth. 

The Earth seen from space is both metaphor and reality of a deepening con- 
sciousness of the integrated view of our planet necessary for its successful stew- 
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ardship. Catalyzed by an accelerating technology, a holistic view incorporating 
dynamic images and ideas provides incredible opportunities to ignite the imagi- 
nation of American students. 

Our report outlines the goals and concepts that are a prerequisite for an evolving 
21st century view of Planet Earth. To imbue this framework with the spirit of 
revolution intended, educators should recognize the importance of the following 
issues: 

1. Emphasize K-6 

2. Demand a hands-on, investigative approach 

3. Encourage and include minorities and women throughout the process 

4. Integrate the various science disciplines and emphasize geographic ideas 

5. Incorporate more mathematics, computers and emerging technologies 

6. Develop issue oriented case studies 

7. Involve parents and the community 

8. Capture the excitement and fun of learning about Planet Earth 

Goals 

SCIENTIFIC THOUGHT. Each citizen will be able to understand the nature of scientific 
inquiry using the historical, descriptive and experimental 
processes of the earth sciences. 

KNOWLEDGE. Each citizen will be able to describe and explain earth processes and 
features and anticipate changes in them. 

STEWARDSHIP. Each citizen will be able to respond in an informed way to envi- 
ronmental and resource issues. 

APPRECIATION Each citizen will be able to develop an aesthetic appreciation of 
the earth. 



Concepts 

1. The earth system is a small part of a solar system within the vast universe. 
The sun is the primary source of Earth's energy. 

The sun is one of the billions of stars in the universe. 

The moon and Earth afl'oct each other. 

All bodies in space (including Earth) are influenced by processes acting 
throughout the solar system and the universe. 

The nature of each planet is determined by its position in the solar system 
and by its size. 
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The position and motion of Earth with respect to the sun influence tides, 
seasons, climates, etc. 

2. The earth system is comprised of the interacting subsystems of water, land, 
ice, air and life. 

Water exists as a vapor, liquid and solid and changes form as a result of 
changes in energy. 

Oceans are in constant motion and are a resource that covers over 70% of 
the planet. 

The cryosphere (frozen water) is an Earth subsystem that has varying sea- 
sonal and global distribution. 

Atmospheric circulation is driven by solar heating and modified by inter- 
actions with other subsystems. 

The solid earth (lithosphere, asthenosphere) interacts with the hydrosphere, 
atmosphere, cryosphere and biosphere. 

The biosphere interacts with other subsystems. 

The sun is a major source of energy that influences the earth system. 

Geothermal energy influences the dynamics of earth systems. 

Each component of the earth system has characteristic properties, structure 
and composition. 

3 . The earth’s subsystems (water, land, ice, air and life) are continuously evolving, 
changing and interacting through natural processes and cycles. 

Water cycles through the subsystems. 

The outer layer of the solid earth is composed of plates which are and have 
been in motion. 

All new rocks are derived from old rocks by recycling. 

Major examples of the interaction between components of the earth system 
are the hydrologic cycle, rock cycle, carbon cycle, glacial cycle, trophic cycle. 

4. The earth’s natural processes take place over periods of time from billions of 
years to fractions of seconds. 

Physical processes in the universe range over time scales of seconds to billions 
of years and over very great distances. 
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Earth is more than 4 billion years old and is continually evolving. 

The atmosphere is a thin, protective blanket composed of various gases and 
other substances that evolve over geologic time. 

Fossils are the evidence that the biosphere has evolved interactively with 
the earth over geologic time. 

Evolution results in a sequence of unique historical changes of Earth’s sub- 
systems. For example; changes in atmospheric composition, changes in life 
forms, changes in structure of the solid earth, changes in the composition 
of the hydrosphere. 

Time scales for Earth changes are variable. For example; 

Long-term evolution of the solid earth and atmosphere (4.5 x 10' years) 
evolution of life (4 x 10'* years) 
break-up of Pangaea 5(1.8 x 10*') years 
ice ages 

extinction of plants and animals 

drought 

seasons 

daily weather 

nuclear reactions 

Short-term chemical reactions 

5. Many parts of the earth's subsystems are limited and vulnerable to overuse, 
misuse, or charige resulting from human activity. Examples of such resources 
are fossil fuels, minerals, fresh water, soils, flora and fauna. 

6. The better we understand the subsystems, the better we can manage our re- 
sources. Humans use Earth resources such as minerals and water. 

7. Human activities, both conscious and inadvertent, impact Earth subsystems. 

Human use /activities influence the; 
hydrosphere and vice versa, 
cryosphere and vice versa, 
atmosphere and vice versa, 
lithosphere and vice versa (mining, hazards, etc.) 
biosphere and vice versa 



Human activities exert inordinate impact on the global environment. Human 
activities alter Earth’s components such as burning fossil fuels, improper 
land use, war and war preparations, releasing hazardous chemicals and ra- 
dioactive materials, releasing and disposing hazardous materials, extinction 
of species. 
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8. A better understanding of the subsystems stimulates greater aesthetic appre- 
ciation. 

Humans appreciate and manage the Earth by preservation, appropriate uti- 
lization and restoraOon. For example: natural parks, reclamation, conser- 
vation, recreation, legislation, land managment and planning, international 
to local cooperation. 

9. The development of technology has increased and will continue to increase 
our ability to understand Earth. 

Technology has improved our ability to understand the earth. For example: 
optical and electronic microscopes, optical and radiotelescopes, infrared 
sensing, doppler radar, submersibles, satellites, computers. 

10. Earth scientists are people who study the origin, processes, and evolution of 
Earth's subsystems; they use their specialized understanding to identify re- 
sources and estimate the likelihood of future events. 

Observations of the atmosphere are used to forecast weather. 

Maps are scale models of the Earth. 

Knowledge of other planets helps us understand the Earth. 



Analysis of Conference Results 

On the last day, during the final editing of the conference recommendations, 
someone asked whether the results were any different than those from similar 
conferences held twenty years ago. Several of the educators were familiar with the 
Earth Science Curriculum Project, the last major effort in earth science curriculum 
renewal. They felt that the differences were dramatic. Content relating to the third 
goal, stewardship, was hardly considered for inclusion in the ESCP materials. Goal 
four, aesthetic appreciation of the earth, would not have been thought of as ap- 
propriate when considering science curriculum. It is clear that the scientific com- 
munity has changed in its attitudes and values in the ensuing years. 

The results of this conference are consistent with current movements in science 
curriculum revision that are exemplified by Project 2061. The participants were 
not only able to think beyond the current goals of science and science teaching, 
but to go beyond them in a creative and enthusiastic manner. The recommendations 
reflect the challenge that Rutherford made in his opening talk to not be bound by 
the past and to think creatively as to what curriculum can be. Thus they in turn 
challenge the science education community to develop a curriculum that is dra- 
matically different, one that adequately incorporates a modern knowledge of Planet 
Earth, the manner in which we investigate our home, the implications of technology 
for our future habitat and an appreciation for the beauty implicit in our earth 

28 



ERIC 





MAYER AND ARMSTRONG 



I aI’I ( >I< \ I K )\ • - 



systems. Science educators are challenged to incorporate an understanding of stu- 
dents and how they come to investigate the earth into planning future curriculum 
and teaching. 



The Next Steps 

This conference represents the first national effort in over twenty years to involve 
geoscientists in a significant way in the identification of appropriate curriculum 
content regarding Planet Earth. As such it is a first step. The framework developed 
by the conference must now be translated for the use of classroom teachers, text- 
book publishers, test developers and curriculum specialists. This will require the 
cooperation of many different organizations and individuals in science, science 
education, and educational policy development and implementation. 
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methodological — the intellectual 
methods that we use in investigating 
our surroundings; and the conceptual — 
what we know about our world and 
how it functions. 

PHILOSOPHiCAL CONTRIBUTIONS 

Before James Huttons Theory of the 
Earth was published in 1795, our planet 
was thought to be a mere 6000 years 
old. Hutton's book introduced the con- 
cept of "deep time," and 40 years later 
Charles Lyell expanded on this concept 
in Principles of Geology. Lyell suggested 
an Earth of great age, upon which 
"observable processes” developed the 
features of rocks and landscapes. This 
concept became the basis for the devel- 
opment of all modern geological con- 
cepts. It also set the stage for Darwin 
(who, soon after Lyell’s book was pub- 
lished, took it on his famous voyage) to 
develop the theory of organic evolution. 

These scientific theories have had a 
great impact on our culture; we can no 
longer consider the Earth as having 
been created specifically for man’s use. 
Stephen Gould, in his recent book, 
Time’s Arrows, Time’s Cycle, quoted 
Mark Twain’s tongue-in-cheek depiction 
of this attitude: 

"Man has been here 32 (XK) years. That 
it took a hundred million years to pre- 
pare the world for him is proof that 
that is what it was done for. I suppose 
it is, I dunno. If the Eiffel Tower were 
now representing the world's age, the 
skin of paint on the pinnacle-knob at 
its summit would represent man's share 
of that age; and anybody would per- 
ceive that that skin was what the tower 
was built for. 1 reckon they would, I 
dunno." 

The current attitude that we can 
squander Earth’s resources and some- 
how be saved from the consequences is 
not tenable. We now understand that 
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we occupy a planet that has evolved 
over several billions of years. We, our- 
selves, are a very recent result of a pro- 
cess that has gone on for an equally 
long period of time and that has resulted 
in the extinction of many life forms. 

The Earth sciences deal with deep 
time as a fundamental element in their 
structure. Therefore, they are the place 
in curricula where an understanding of 
this concept must be developed. Teach- 
ing for a true understanding, however, 
is extremely difficult. Gould says: 

‘‘An abstract, intellectual understanding 
of deep time comes easily enough — I 
know how many zeroes to place after 
the 10 when I mean billions. Getting it 
into the gut is quite another matter. 
Deep time is so alien that we can really 
only comprehend it as metaphor. And 
so we do in all our pedagogy. We tout 
the geological mile (with human his- 
tory occupying the last few inches) or 
the cosmic calendar (with Homo sapiens 
appearing but a few moments before 
'Auld Lang Syne‘).“ 

Teaching about deep time, therefore, 
requires a great deal of thought and 
creative effort. One problem is devel- 
oping an understanding for immense 
numbers such as a million or billion. 
To put things in perspective, one eighth 
grade Earth science teacher has the stu- 
dents in each of his classes count dots 
printed on pieces of paper. When one 
sheet has been counted it is taped to 
the wall. By the end of the day, the 
walls are covered and the cooperative 
count has reached only one million. 
Another Earth science teacher has his 
students use their bodies to construct 
the geologic time scale. Using a scale of 
one meter to 10 million years, students 
place themselves at different events on 
the time scale. In this way they become 
intimately involved with both the events 
and the relative time in which they 
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occurred. The resulting time scale 
stretches the entire length of the school 
building (450 m). 

Deep time is just one concept that 
has helped us understand our place in 
the Universe. Equally important was 
Copernicus' restructuring of the solar 
system into a heliocentric model and 
the subscx^uent understanding of the 
place of the solar system itself within 
the Galaxy and the Universe. It has 
become more and more difficult to think 
of the world as having been created 
solely for us — to be used as we see fit; 
it was this attitude that is responsible 
for the environmental problems we are 
now facing. The concept of organic 
evolution has further eclipsed the ego- 
centric philosophy. We are only one 
branch of a long series of developments 
that has survived because the previous 
branches lived in harmony with their 
environment. 

THEMETH0D0L06ICAL 

GONTRIBUnONS 

The Earth sciences provide an excel- 
lent opportunity for students to learn 
the problem solving approaches of the 
scientist. Students can experience weath- 
er systems, observe weathering taking 
place, and interpret landscapes in the 
vicinity of their homes. Such experien- 
ces can entice them into searching out 
a deeper understanding of the nature 
of scientific investigation. 

Steven Gould, in his address to the 
1987 NSTA convention, decried the 
low status given the methixls used by 
Earth scientists, such as the historical 
method. The experimental method is 
held up as the hallmark of science in 
elementary and secondary science teach- 
ing; however, it is the historical and 
descriptive methods that have given us 
the truly powerful ideas about ourselves 
and our place in the Universe. After 
all, Copernicus did not perform experi- 
ments to reorder the solar system with 



the Sun at its center, nor did Darwin 
perform experiments to create his 
theory of evolution. 

In reality, there is no one method of 
science. What marks science as a dis- 
cipline is the gathering of real-world 
data and the objective analysis of that 
data to gain meaning for how the world 
operates. Conducting experiments is 
simply one way of obtaining data. They 



Deep time 
is just one 
concept 
that has 
helped 
us 

understand 
our place in 
the Universe, 



are usually conducted to verify ideas 
derived from data obtained by observa- 
tions and descriptions of Earth’s pro- 
cesses. But our students believe that 
the only science is experimentation. 
They are led to believe that experiments 
are the only way to experience "hands- 
on” science. But there are many ways 
the Earth science teacher can exemplify 
the historical and descriptive approaches 
in a "hands-on” mcxle; for example, by 
charting changes in a stream over time, 
or gathering and analyzing weather data. 

The discovery of deep time, the devel- 
opment of the theory of evolution, our 
understanding of our Universe, and the 
knowledge we now have of our planet’s 
evolution and its environs are basic con- 



cepts underlying western thought and 
philok)phy. They are not the result of 
experimentation, but of the application 
of the historical methods of the Earth 
scientist. 

The Crustal Evolution Education 
Project of the National Association of 
Geology Teachers developed over 32 
activities on plate tectonics (available 
from Wards Science Establishment, 
Inc). Many exemplify the historical and 
descriptive approaches of the Earth 
scientist, and we as science teachers can 
use them to acquaint our students with 
the thought priKesses behind such 
methods. They include, for example, 
activities on Iceland (where students 
plot data on rock ages), paleomagnet- 
ism, and earthquakes. Working as teams, 
students analyze the data, and, based 
on their interpretations, determine the 
liKation of the mid-Atlantic Ridge as it 
crosses Iceland. 

Other activities use data from deep 
sea cores to verify tlie spread of the 
Mid- Atlantic ocean basin, or paleo- 
magnetiedata to determine the relative 
positions of India as it moved up to 
impact the Asian continent. 

THE CONCEPTUAL CONTRIBUTIONS 

We are nov/ able to look at the Earth in 
a dramatically different way. Instead of 
being forced to examine small areas of 
terrain or Uxral atmospheric changes, 
scientists can now view the planet 
holistically. This has been made possi- 
ble because of many advances in tech- 
nology. Sophisticated satellites can 
observe biological, chemical, geological, 
and physical changes over enormous 
areas. Supercomputers now permit the 
reduction and analysis of huge amounts 
of data. Q)mmunication networks link 
scientists from many different places 
on the Earth to work simultaneously 
on the same projects. 

Partly as a result of applying these 
new t(X)ls to the study of our planet. 
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FIGURE Z The Mvon undemUndlngs from 
the Framework for Earth Systems Educa- 
tion (courtesy of The Ohio State Univer- 
sity). 

• Earth is unique, a pianet of rare beauty 
and great vaiue. 

• Human activities, collective and individ- 
ual. conscious or inadvertent, are seriousiy 
impacting planet Earth. 

• The development of scientific thinking 
and technology increases our ability to 
understand and utilize Earth and space. 

• The Earth system Is comprised of the 
interacting subsystems of water, land, ice, 
air, and life. 

• Planet Earth is more than four billion 
years old and its subsystems are contin- 
ually evolving. 

• Earth is a small subsystem of a solar 
system within the vast and ancient 
Universe. 

• There are mary people with careers that 
involve study of Earth’s origin, processes, 
and evolution. 



NOTE 

The complete Earth Systems Frame- 
work (abstracted in Figure 2) and 
information about the Program for 
Leadership in Earth Systems Educa- 
tion is available from the author. 
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Earth scientists now speak of the Earth 
as a system. Rather than having to 
restrict their study to processes that 
can be observed in one place at one 
time, or a few places at several times, 
they can now kx)k at processes occur- 
ring on a global scale and in a time 
frame stretching back tens of millions 
of years. Thus we are beginning to 
receive the first glimmer of understand- 
ing of how the Earth system works and 
how each of its subsystems, such as 
lithosphere, atmosphere, and hydro- 
sphere interact with each other to pro- 
duce global changes. It has also been 
evident that humans and their activi- 
ties have been a very' important agent 
in changes that have (xcurred’ip the 
past, and will ixcur in the future. This 
is now a different planet that we are 
living on; a complete revolution in our 
knowledge of our home has occurred. 
Unfortunately, however, little of this 
new knowledge has found its way into 
the curriculum. 

Global changes can be thought of as 
occurring on two different timescales. 
One is on the order of thousands to 
millions of years, and includes processes 
such as plate tectonics, the gradual evo- 
lution of mountains, ocean basins, and 
other large features of the Earth’s crust. 
The other changes occur on the order 
of decades to centuries, and include 
priKesses in subsystems such as the 
biosphere and atmosphere. It is the lat- 
ter that is most influenced by our 
activity — global warming, for example — 
and therefore of most immediate 
concern. 

To teach these Earth concepts, in- 
structors should use the results of the 
new technology epitomized by current 
satellite imagery. In 1977, NASA pub- 
lished Mission to Earth: Landsat Views 
the World, which includes a wealth of 
high altitude imagery. In 1978, NASA 
followed with an educators guide that 
contains ideas on how to use the images. 



More recent imagery available from 
NASA allows students to study upwel- 
lings and the consequent bloom of 
phytoplankton, variations in the level 
of the sea, and the direction of wind at 
the sea surface on the scale of conti- 
nents and ocean basins (Figure 1 ). 

A national project is now^ underway 
to implement many of the understand- 
ings discussed above into the K-12 
science curriculum. The Program for 
Leadership in Earth Systems Education 
(PLESE), recently funded by the Na- 
tional Science Foundation, is preparing 
K-12 teacher teams to implement Earth 
Systems syllabi in their own classrooms 
and to conduct workshops in their states 
and locales. 

The planning committee of the proj- 
ect, using the results of a 1988 confer- 
ence of geoscientists and educators held 
in Washington, D.C., and an analysis of 
Project 2061 Earth science concepts, 
developed a framework of seven under- 
standings (Figure 2). PLESE teams 
organized at summer workshops at the 
Ohio State University or the Univer- 
sity of Northern Colorado used the 
framework as a guide in developing 
Earth systems syllabi and in selecting 
materials to implement the syllabi. 
Through programs such as this, curricu- 
la is developed that will provide our 
students with a much richer understand- 
ing of the nature of science, and more 
importantly, the nature of the planet 
on which they live. With such under- 
standings, we as a siKiety will be better 
prepared to meet a future in which all 
is changing; our world’s economics, 
politics, and environment. 

Victor]. Mayer is a professor of Science 
Education, Geology and Mineralogy, and 
Natural Resources at Ohio State Uni- 
versity, /945 N. High St., Columbus, 
OH 43210, atid is the director of the 
Program for Leadership in Earth Sys- 
tems Education. 



JANUARY 1991 ■ 





1-AI'l OU \ 1 1()\ • J 



Down to Earth Biology 

A Planetary Perspective for the Biology Curriculum 

Rosanne W. Fortner 




I NCREASED attention to the biosphere's relationship 
to the other Earth subsystems — hydrosphere, litho- 
sphere, atmosphere — could help enhance student 
understanding in biology. Recent international com- 
parison studies do not speak well for levels of biology 
achievement in the United States. Our 13 year olds 
ranked ninth out of 12 countries/provinces in the life 
sciences. Even our advanced students in second-year 
biology place at the bottom of a list of 14 countries 
(Jacobson & Doran 1988). The literature of science 
education is a further reminder that all is not well 
within the biology curriculum. Studies of naive con- 
ceptions demonstrate a lack of basic understanding of 
concepts such as nutrient cycling, natural selection 
(Greene 1990) and the water cycle (Bar 1989). A 
number of these difficulties rest at the interface of 
biology and Earth sciences. 

Bringing biology "down to Earth" might also be the 
key to making sound decisions on matters of national 
policy and international assistance. Deforestation, for 
example, is an atmospheric issue, not just a biological 
one; ozone depletion creates human health problems; 
abuses of the ocean are manifested in human habitats 
and marine mammal welfare; and an understanding 
of organic evolution rests on a fundamental aware- 
ness of "deep time," describing the great age of Earth 
as revealed through its geologic structure. 

The Earth system can become the conceptual base 
of the science curriculum and play a major role in the 
restructuring efforts now underway through the 
American Association for the Advancement of Sci- 
ence's Project 2061 and the National Science Teachers 
Association's Scope, Sequence and Coordination. 
When our leaders need to apply the results of biolog- 
ical research in making decisions, the earth sciences 
can offer a unique perspective and body of knowl- 
edge. 

According to Vic Mayer, leading advocate of a 
modern movement in earth systems education (May- 
er 1991a), contributions of earth science to the K-12 
curriculum take at least three forms: 
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• Philosophical — how we think about the position 
and role of humans in the universe 

• Methodological — how we investigate our sur- 
roundings 

• Conceptual — what we know about our world and 
how it functions. 

The purpose of this article is to explore examples of 
how the biology curriculum could build upon these 
contributions to achieve greater relevance for stu- 
dents and greater value as a basis for decision mak- 
ing. 

Philosophical Contributions 

One of the major obstacles to acceptance of evolu- 
tion as a valid scientific concept is a lack of under- 
standing of the age of the Earth, Before James Hutton 
wrote Theoty of the Earth in 1795, the planet was 
assumed to be only about 6000 years old. It was 
Hutton who introduced the concept of deep time. 
Earth processes like those in action today have been 
going on throughout the history of the planet, and 
this concept of "the present is the key to the past" 
(Lyell 1830-1833) forms the basis for all our studies of 
the Earth. Charles Darwin accepted this idea and 
applied it in developing his theory of organic evolu- 
tion. 

In accepting the Earth as being of great age one can 
reject the idea that the world was created specifically 
for human use. We now understand the planet 
evolved over billions of years, and the human species 
is a very recent result of a biological evolution. 
Because some species have become extinct along the 
way, there is reason enough to believe that we may 
not be the ultimate and culminating product of the 
evolutionary process! 

The place of deep time in the science curriculum is 
clear, but the methods for getting it there are not 
simple. Frequently the concept is taught by analogy. 
For example, Mark Twain likened the Earth's history 
to the height of the Eiffel Tower, with human history 
represented by the skin of paint on the top of the 
highest pinnacle-knob. Teachers often put great cre- 
ative effort into teaching about the great expanse of 
time. One teacher has the students in all his classes 
count dots printed on sheets of paper. When a page 
is finished, it is taped to the wall. By the day's end all 
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the walls are full, and only 1 million have been 
counted. 

Methodological Contributions 

For decades the science curriculum has been teach- 
ing people the scientific method — the scientific 
method, translated as how to conduct a proper ex- 
periment. Indeed, we can trace many of the major 
achievements and bodies of knowledge in biology to 
experiments: Mendelian genetics, the germ theory of 
disease, biological clocks, recombinant DNA and the 
like. Of course, there are many instances when 
experimentation is the preferred means of data acqui- 
sition. An observation leads to a hypothesis, data are 
collected by manipulating some variables while oth- 
ers are held constant, data are analyzed and the 
hypothesis is accepted or rejected. If Joseph Lister 
had not experimented to control variables, physicians 
might still be doing excellent surgery but watching 
patients die as they did before experiments in aseptic 
medical procedures. We could be growing mice by 
Needham's recipe — putting old rags and corn in a 
barn, ^hereupon mice arise! 

It is a disservice to students, however, to convince 
them by rote or by example that there is only one 
method of doing science. Science is characterized by 
the gathering and analysis of real world data to learn 
how the world operates. Darwin didn't arrive at his 
theory of organic evolution by experimentation but 
by analysis of descriptive data. We would never 
intentionally experiment to find out what would 
happen to a population of wild birds if the birds' 
entire habitat were destroyed; instead we study ex- 
amples of how habitat loss has affected other bird 
species and compare those with the circumstances of 
the species in question. 

Data are frequently available to study phenomena 
we can't control in space or time. "Hands-on" science 
can be done with such historical and descriptive data 
from existing sources. For example, one can chart 
changes in stream macroinvertebrate populations 
over time or study tombstones to compare the life 
spans of people at different times in the past. 

Historical data continue to make their way into 
modern science news because studies of the accumu- 
lating records of the Earth, both the living and the 
nonliving parts, assist us in charting trends and 
making predictions about the future. That living 
things influence and are influenced by their environ- 
ment is a basic concept in biology. The "wood cook- 
ies" (tree cross-sections) common in life science class- 
rooms are used to find the age of trees and make 
inferences about their environments. Modern inter- 
pretation of tree rings correlates ring width with 
climate conditions and helps scientists identify recur- 
rent patterns of weather. Other organisms reflect 



characteristics of their environment in their growth 
rings as well: tortoises' shell sections, fish scales and 
otoliths, bands of chemical deposits in reef building 
corals. Global weather signals may emerge when 
several biological sources of historic climate data are 
compared. What we use are data sets of Earth's 
history, reaching back into deep time and continuing 
into the future. And because all these data sets are 
continuously accruing, predictions about tomorrow 
can be evaluated through monitoring of the changes 
occurring now. The biological concepts derived from 
the study of such data are not the results of experi- 
mentation but of historical methods used by the Earth 
scientist. 

The changes identified through historical data may 
be of a time scale of thousands to millions of years, as 
in evolution, or a time scale of decades to centuries, 
as in primary succession, or one of days to years, as 
in tortoise growth. A National Science Foundation- 
sponsored project at Ohio State University is devel- 
oping "Secondary Science Curriculum Modules for 
Global Change Education," which involves the his- 
torical method and various time scales. 

By interpreting data from animal and plant growth, 
students can see how the growing conditions of 
Earth's climate have changed in the recent past. By 
comparing more recent biological data with ice cores 
from world glaciers, students see that the glaciers 
preserve a longer time scale or deeper time, leading 
them to consider if a recurring trend may be in 
progress. Another activity uses a time scale on the 
order of decades, using the historical catch of striped 
bass in the North Atlantic to explore reasons for the 
recent lack of fishing success noted in singer Billy 
Joel's "Downeaster Alexa." 

Conceptual Contributions 

Increasing applications of satellite imagery in the 
media, in textbooks and even as art forms show that 
a genuine "world view" is within our grasp. We can 
see the Earth as a system with all its parts intercon- 
nected. Sophisticated satellites with a wide array of 
image processing options can observe Earth's biolog- 
ical, geological, chemical and physical aspects and 
their changes. We receive the satellite information, 
process it through the imaging software, untangle the 
data with supercomputers and then share the data 
with scientists in many parts of the world almost as 
quickly as it is received. Our communications and 
data processing capabilities are staggering. The 
smoke from forest fires in Rondonia, the dried vege- 
tation of drought-stricken California and the produc- 
tivity of ocean surface waters are all known to us by 
degree and extent from space platforms many miles 
above the surface of the planet. 

Partly as a result of this world view, scientists from 
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Fig 1. The 7 basic understandings in the Framework for 

Earth Systems Education.* 

• Earth is unique, a planet of rare beauty and great value. 

• Human activities, collective and individual, conscious 
and inadvertent, are seriously impacting planet Earth. 

• The development of scientific thinking and technology 
increases our ability to understand and utilize Earth and 
space. 

• The Earth system is comprised of the interacting 
subsystems of water, land, ice, air and life. 

• Planet Earth is more than 4 billion years old, and its 
subsystems are continually evolving. 

• Earth is a small subsystem of a solar system within the 
vast and ancient universe. 

• There are many people with careers that involve study 
of Earth's origin, processes and evolution. 

•Courtesy of Ohio State University. Complete Framework 

available in Mayer, V.J. (1991b). A Framework for Earth 

Systems Education. Science Activities. 25(1), 8-9. 



all disciplines are beginning to treat the Earth as a 
system. We prepare global climate models, organize 
Worldwatch expeditions and report threats to biolog- 
ical diversity in terms of worldwide losses. The 
nations of the world unite to save whales stuck in the 
ice and to put out fires in flaming oil wells. Perhaps 
we have begun to see that ours is a collective future. 
The more we learn about Earth, the more we come to 
understand how closely its subsystems — the bio- 
sphere, hydrosphere, lithosphere, atmosphere and 
cryosphere — are intertwined in the production of and 
response to global changes. What affects one sub- 
system ultimately affects them all. It has also become 
more apparent from our views of earth that human- 
kind has been an important agent of change in the 
past, and probably wiW continue to be in The future. 
With the historical data showing our impact in the 
past, and the signs of our more recent effects, we can 
more accurately project trends of potential changes 
on Earth that are attributable to human activity. 

Getting Down to Earth 

l o bring these new technologies and the resulting 
awareness of connections into the classroom, instruc- 
tors can use the spectacular satellite images available 
from the National Aeronautics and Space Adminis- 
tration and the National Oceanic and Atmospheric 
Administration. An excellent set of diverse images 
from these agencies is available, with interpretation, 
as ''Oceanography from Space" (NASA 1989). Addi- 
tional information sources are becoming more acces- 
sible as well, in the form of compact disc — "read 
only" memory (CD-ROM) technology. In a Joint 
Educational Initiative (JEdl), images and databases 
from the U.S. Geological Survey, NASA and NOAA 
have been combined on three 7(X)-megabyte CDs to 



demonstrate the use of such scientific research tools 
in the classroom (Sproull 1991). Not only can stu- 
dents examine satellite photos of the Yellowstone 
fires, they can detect the vegetation differences of 
biomes through the seasons, model coastal flooding 
to see the extent of wetland loss and compare ozone 
levels in their local region with those of Antarctica. 
Other biology CDs, with widely varying prices and 
degrees of user-friendliness, include bibliographic 
databases on "Aquatic Sciences and Fisheries," 
"Wildlife and Fish Worldwide," the "Life Sciences 
Collection" and the "Natural Resources Metabase," 
covering more than 45 government databases. CDs 
with images as data include "Audobon's Birds of 
America," complete with bird calls; "Mammals: A 
Multimedia Encyclopedia," including animations and 
a game; and "Down to Earth" clip art for desktop 
publishing. (A list of selected CDs and sources is 
available from the author.) 

Many science teachers are aware of the electronic 
networking that is bringing classrooms together 
through the National Geographic KidsNet. That con- 
cept is growing in popularity as a means of sharing 
data about local environmental quality. The Backyard 
Acid Rain Kit (BARK) from Canada and the Global 
Rivers Environmental Education Network (GREEN) 
from the University of Michigan are among new 
attempts to involve students in the active process of 
data collection, sharing and analysis, under condi- 
tions in which the correct answers to problems are 
unknown. The st\ident's world view is built from 
within, as it should be, with relevance first to home 
and then to the rest of the world. 

The interrelationships apparent from the world 
view technologies must enter the science curriculum 
at all levels. In the restructuring efforts underway at 
the national level, many of the implementation mod- 
els are interdisciplinary ones. A strong focus on 
understanding the Earvh can enrich the science cur- 
riculum and give it a relevance that will encourage 
more student interest in science careers. 

Teachers who are ready to get "down to Earth" will 
be assisted by a Framework for Earth Systems Edu- 
cation, developed and validated by scientists, teach- 
ers and science educators nationally (Figure I). The 
developers feel that the Framework embodies the big 
understandings Lhat all students should have about 
the Earth, whether they are learned in biology 
classes, environmental education, geography or art. 
An NSF-sponsored Program for Leadership in Earth 
Systems Education (PLESE) at Ohio State University 
(Mayer, in press) is enhancing teachers' abilities to 
use interdisciplinary studies of Earth to enrich their 
science curricula as well as to provide a more realistic 
look at how scientists function. Ultimately, the goal is 
a future in which decision makers champion the 
Earth in their political and economic choices. 
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D O you oHvo find It difficult 
to illu^lr.ite scientific 
process in .1 vv.iy ih.il will 
copHii'^ interest of 
your students? E*irth sci- 
ence tc.ichers .ire forluntile to h.ive 
help when f.iced with this problem. 
They enn l.ip into .i v.iricty of sources 
outside of the sci(’nce te.uhing re- 
sources th.1t .ire nonii.illy .n'.iil.ible, 
rhey c.in m.ike the study c^f e.irth 
pan esses ftiscin.itin^ by .ippe.iling to 
lh(’ v.iriety iT interests students h.ive 
in history, .irt, .ind liter.iturt‘. Often, 
just the ri^ht inforni.ition or illustr.i- 
ticMi Ctin be found in iMie iT these fields 
th.1t c.in help .1 cerl.iin student or cl.iss 
^r.isp.i cert.iin Ic'pic more* thoroughly. 

A number of ye.irs .1^0, iov ex.im- 
ple, then* w.is .1 popul.ir movii* entitled 
7 Vm W’fio Diircii It w.is .111 .iccount of 
the explor.ititMi of the Gr.ind C.myi'ni 
by M.ijor john Wesley Piwell during; 
the Lite 1800s. l\nvell w'.is.i f.iscin.ilin^ 
ni.in .ind .111 excellent ex.imple of hiuv 
historic.il figures c.in be usixi ti' inlro- 
diue ci'rt.iin .irons of e.iiih science. 

Powell, .in officer during; the Civil 
Wnr, lost his nnii during; the b.itlle .il 
Shiloh. Despite this h.indicnp, he Liter 
bec.ime one of our aiun try's most 
proniinenl scientists. He founded llie 
hurcMu of Ethmiloj;y .ind hi'lped to 
found the United St.iles Ceolo^ic.il 
Survey. In 1888, he vv.is elected presi- 
dcMit of the Ainei ii.in Assoc intion for 
the Adv.incement of Science*. 

I\nvell W.IS .111 excellc'iil writer. His 
exciting .iccounl of his Ir.ivels through 
the West includes observ.itlons cd the 
Cir.ind C'.inycMi .ind the Color.ido River 
th.it c.in be usc*d lc> le.ich b.isic con- 




cepts cif ercisicin, sediment.ilion, 
slr.iligr.iphy, .ind gc’olcigic histciry. The 
following is .1 s.iniplc* from his jciurn.il: 

"lulv 13— Extensive s.ind pl.iins c'xteiid 
b.ick frcMii the inunc'di.ile rlwr v.illc’V, 
.IS f.ir .IS we c.in sc*e, on eithc’r side. 
These ii.ikc’d. drilling s.ind s gle.ini 
brilli.inlly in the inidd.iy sun of Inly. 
The reflectc'd hc*.it frcMii the* gl.iring 
surf.ice produces .1 curious incition of 
the .1 1 111 os ph ere; little currc'iils .ire 
genc'r.itc'd .ind the whole sc’C’ins tci be 
trembling .ind nien'ing .ibout in ni.iny 
directicMis, or, f.iiling to sc’c’ lh.1t the 
nio\’c*nient is in the .ilniosphere, it 
gi\*es the impressiem of .111 unst.ible 
Lind. IM.iins, .ind hills, .ind cliffs, .ind 
dist.int mcHtnl.iins seem v.iguc'ly to be 
llci.it ing .ibcHtl in .1 Ireinbling, w.ive 
rockc'd se.i, .ind p.itches of l.itulsc.ipe 
will sc’c’iii to flo.it .iw.iy, .ind be* lost. 




Reprinted with permission from NSTA Publications, Mar. 1989, from The Science Teacher, National Science Teachers 
Association, 1840 Wilson Blvd., Arlington, VA 22201-3000. 






34 • \ Ki M »l K( I ( ium I OK I . \ K I II S\ M I Ms I'.Dl ( \ I K )\ 




/V(W4^*ni;i/( /ly On^fi^w l/ii- Trw*;/!!'; i># ihv /\iisi7 Irml All Ki-vmi/. 



.ind tht*n rtMppt\ir. (Powell, \057, p. 
40)-' 

This I'XUM'pt typii.il of Powi^ll's vvrit- 
ini;. Wh.it is impressive is his .ibility ti> 
put .iction .ind exeitement intt^ wc>rds 
.ind .ilsii his very vivid ilesi riptioiis t>f 
ii.ilur.il pheiuimen.i, such .is .lir cur- 
rcMits y;ener.ited hy the lie.ited Siind 
'^urt.ice. How much mcire interesting 
IS this w'l'iting th.in tli.it which wc- 
iiorni.illy find in science textbooks. 

A t.isciii.iting seric‘s c>t c*\’c*nts frcmi 
cnir histciry tli.it c.in be usc'd tc> illus- 
tr.ite not only the ii.iture of c*.irth 
prcHc*ssc*s but .ilsci licivv such prinesses 
h.ive been uscxl to mislcMci people* .ire 
rel.itc'd by All.in Eckert's bi>ok I'/ir 
honlit'Ktnint ( 1 fe tells of the* grc*.it 
Incli.in IcMcler Ic*cuniseh, who if the* 
historic.il rc*c cirds .ire correx t. w.is born 
in .1 yc*.ir th.it «i c cmiet visitc*d our sol.ir 



system. According to Indi.in legend, 
this g.ive him grcMt power. 

During the e.irly 1800s, he w<is 
.ittempting to r.illy the Inch.in tribes 
fi>r .in .it tempt to rc*cl.iini their Kinds 
friMii the Americ'.ins. During his tr.iv- 
els to r.iise support, he told his .lilies tii 
expect two signs tli.it would confirm 
his pciwer .ind sign.il them to join him 
in b.ittle. On the night of November 
lb, 1811, .1 metc'oritc' fl.ished .icross 
the* Midwestern sky. Eckerts' .illic*s tcxik 
this .IS the first sign. Then, 30 d.iys 
Liter, .in c*ven mcire pcnvc*rful event 
cicc urrc*d. Eckert providc’S d f.iscin.it- 
ing description: 

"In the south c>t C .in.id.i, in the vil- 
Iciges of the* Irociuois, (')tt.ivvii. C hip- 
pew.i .ind Hurcui, it c.inic* .is .i deep 
terrifying rumble, Crc*c*k b.inks c.ivc*d 
in .ind huge trc*c*s topplc*d in .i cem- 



c/wke shadow, ami an^le has 

converted a rock outcrop into an artistic irnoj^e 
(left). Om* a feeling of motion reminis- 
cent of the manner in which particles forming 
sandstone were deposited. Using such images to 
teach geological concepts such as wind deposi- 
tion proxkdes not only knowledge of the concept 
but also an esthetic feeling for a portion of the 
Earth. 

tinuous cT.ish of snapping branches. 
In all the Great Lakes, but especially 
Lake Michigan and Lake Erie, the 
waters danced and great waves broke 
erratically on the shcires, though there 
was no wind. In the western plains 
there was a fierce grinding sound and 
a shuddering, which jarred the bones 
and set teeth on edge. Earthen vc*ssels 
split apart and great herds cif bisem 
staggered to their feet and stampeded 
in abject panic .... Tci the sciuth 
vvhcile fcirests fell in incrc*dible t.inglc*s. 
New streams sprang up where mme 
had been before. In the Upper Creek 
village cif Tuckabatchee every dwelling 
shuddered and shook and then t'ol- 
l.ipsed upcin itself and its in- 
habitants .... The Mississippi itself 
turncxi and flciwc*d backwards for a 
time. It swirlc*d and eddic'd, hissed and 
gurglc*d, and at length, whc*n it settled 
dciwn, the face c>f the land had changed. 
New Madrid was destroyed and tens 
cif thciusands of acrc*s cif land . . . v.in- 
ishc*d fcirc’ver; and that which reniainc*d 
was ugly and austere*, (pp. 538-540)" 

Many cT Tecumsch's Indian allies 
accepted this, the first of a seric*s c>f 
sheuks ccimprising the great New 
Madrid c*arlhquake, as the secemd sign. 
They joined Fcx uniseh, alongwith their 
British allies, to challenge the Ameri- 
cans. Tecumseh, however, was killc’d 
very early in the battle*, proving that 
he* had no spc’cial pciwer other than 
the force of his personality. His Indi.in 
allies scattered and the Americans went 
cm lodefe.it the F^ritish and sc*cure the 
Northwest Territciric*s. 

Excellc*nt prose abcuit earth pro- 
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cesses can also be found in novels and 
other literature. James Michener, for 
example, has included very dynam- 
ic descriptions in some of his historical 
novels. In Hawaii (195Q), he describes 
the origin of the islands in very vivid 
prose, providing insight into the vol- 
canic prcKesses that formed and con- 
tinue to mold the islands. 

In Ceniemiial (IQ74), he describes the 
evolution of the Rcx:ky Mountains over 
billions of years of time. He devotes a 
chapter each to the development of 
the Rtxky Mountains, the evolution 
of the life of the area, and the early 
presence of humans. Especially inter- 
esting is the section on the habitat and 
life of the dinosaurs that inhabited the 
region during the Cretaceous period. 
Their remains are preserved in the 
famous Morrison formation, which is 
exposed in a dramatic road cut on the 
outskirts of Denver. 

In his most recent book, 

(1088), he gives very understandable 
explanations of how Alaska grew over 
the past billion years. He accurately 
describes the prtKcsses of plate tec- 
tonics that accounted for its forma- 
tion and the recent ideas of '"terra nes" 
that geologists now think accumulated 
over millions t>f years to form the 
Alaskan peninsula. Michener also pro- 
vides insight into the methods used 
by geologists to interpret the history 
of an area, as the following passage 
shows. 

In one of the far wastes of the South 
Pacific Ocean a long-vanished island- 
studded landmass of sc>me magnitude 
arose, now given the name Wrangellia, 
and had it stayed put, it might have 
produced another assembly of islands 
like the Tahiti group or the Samoan. 
Instead, for reasons not known, it 
fragmented, and its halves moved with 
a part of the Pacific Plate in a north- 
erly direction, with the eastern half 
ending up along the Snake River in 
Idaho and the western as a part of the 
Alaskan peninsula. We can make this 
statement with certainty because sci- 
entists have a>mpared the structure 
of the two segments in minute detail, 
and one layer after another of the ter 
rane which landed in Idaho matches 
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perfectly the one which wandered to 
Alaska. The layers of rcxrk were laid 
down at the same time, in the same 
sequence and with the same relative 
thickness and magnetic orientation. 
The fit is absolute, and is verified by 
many matching strata, (p. 5) 

Michener's novels, Eckert's historical 
accounts, and Powell's journals are 
only a few example’s of writing suitable 
for the science classroom. There are 
many other writers and poets who, 
over the years, have provided descrip- 
tions that can be substituted for the 
often dull and stilted writing found in 
our science texts. It is simply up to 
teachers to be on the alert for such 
passages. 



The Earth and 
its processes 
have been an 
inspiration to 
many artists. 



Art can also provide illustrations of 
earth processes. I've been an avid pho- 
tographer since the 8th grade. 
Those who share my enthusiasm for 
the hobby will be familiar with the 
name Ansel Adams. He was my hero 
and I have always aspired to photo- 
graph landscapes as sensitively and 
inspirationally as he did. 

Adams was born and raised in San 
Francisco. When he was four, an 
aftershock of the great earthquake of 
1^06 knocked him against a brick wall, 
breaking his nose. His face bore the 
mark of that earthquake throughout 
his life. He went on to become an 
ardent conservationist and one of our 
most famous photographers. His in- 
terpretations of western landscapes is 
art of the highest merit. But they also 
illustrate earth proces- as and can serve 
as excellent teaching tcx>Is. (See pho- 
tograph on pages 60-61.) 

The Earth and its processes have 
been an inspiration to many artists. 
One of my favorite art selections is a 
series of four paintings completed dur- 
ing 183^ and 1840 by the American 
painter Thomas Cole. Entitled The 



Voyage of Life, they depict the mcx)ds of 
the various stages in the human life 
cycle. In the detail from "Youth," found 
on page 62, the verdant shore pro- 
vides a setting of excitement and 
energy as the youth looks to a future 
of promise and productivity. The other 
paintings depict childhcxxi, maturity, 
and old age. In each, Cole has used 
planet Earth and its prcK'esses to ex- 
press his feelings about life and the 
stages that we all move through. 

An inspired teacher will help stu- 
dents experience the planet the way 
Cole did, to see in Earth prexesses a 
reflection of the intimate relationship 
between humans and their environ- 
ment, and help them reach an under- 
standing of our dependence upon a 
rich and fruitful environment and our 
need to sustain its quality for our own 
benefit and that of future generations. 



Our beautiful Earth 

As science teachers, we can appeal 
to the right brain, as well as the left 
brain, of our students in our attempts 
to get them involved in science. They 
should encounter planet Earth through 
our courses as a thing of beauty; its 
prex'esses developing spectacular vistas 
as they operate over eons of time. 
They should be able to marvel at the 
beauty of an ice crystal sparkling in 
the sun as a glacier melts. They must 
come to value the Earth, not just for 
the minerals it gives up to industry, or 
the oil it provides for our cars, but for 
the sunsets from its atmosphere and 
the symmetry in a crystal. As teachers 
help their students achieve a rational 
understanding of the Earth and its 
prexesses through a study of science, 
they also can provide a firm founda- 
tion for the development of a system 
of values that honors the encluring 
spirit of humankind and that recog- 
nizes its dependence upon the esthetic 
qualities of planet Earth. ■ 
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National concerns about the quality and 
effeatveness of science teaching have resulted 
in several major efforts directed at restructuring 
the nation’s curriculum, including Project 2061 
of the American Association for the Advance- 
ment of Science (AAAS, 1989) and the Scope, 
Sequence, and Coordination project of the 
National ^nce Teachers Association (NSTA, 
199^. A third effort is the Earth Systems 
Education program centered at The Ohio Slate 
University and the University of Northern 
Colorado (Mayer, editor, 1992). Its philosophy 
and approach to science content is consistent 
with the better-known projects but differs in 
significant respects, especially in its focus on 
planet Earth. 

Understanding Planet Earth 

Over the past two decades there have been 
tremendous advances in the understanding of 
planet Earth tn part through the use of satellites 
in data gathering and super computers for data 
processing. As a result. Earth scientists are 
reiiiierpreiing the relationships among the 
various science subKlisdplines and their mode 
of inquiry. These changes are documented in 
the “Bretherton Report,” developed by a 
committee of sdeniists representing various 
government agencies with Earth science 
research mandates (Earth Systems Science 
Committee, 198^. These advances also 
prompted the organization of a conference of 
geoscieniists and educators in April, 1988, to 
consider their implications for science 
curriculum renewal. The 40 scientists and 
educators, including many scientists from the 
agencies responsible for the Bretherton Report, 
developed a preliminary framework of four 
goals and ten concepts about planet Earth that 
they fell every citizen should understand 
(Mayer and Armstrong, 1991). Through 
subsequent discussions with teachers and Earth 
science educators at regional and national 
meetings of the NSTA, a renewed concern 
emerged for a more adequate treatment of 
planet Earth in the nation’s science curriculum. 



Infusion through Teacher Enhancement 

In Spring of 1990, the Teacher Enhancement 
Program of the National Science Foundation 
awarded a grant to The Ohio State University 
for the preparation of leadership teams in Earth 
Systems Education— PLESE, the Program for 
Eldership in Earth Systems Eduation. The 
program was designed to infuse more content 
regarding the modem understanding of planet 
Earth into the nation’s K-12 science curricula. 

In preparation for PLESE, a plannir^g 
committee composed of ten teachers, 
curriculum specialists, and geoscientists met in 
Columbus, Ohio in May, 1990, to develop a 
conceptual framework to guide the program. 
Preliminary work included the analysis of the 
Project 2061 report for content related to Earth 
systems. The committee used this an ^’vsis 
combined with the results of the 1988 
conference to develop a framework consisting 
of seven understandiiigs. This Framework for 
Earth Systems Education provided a basis for 
the PLESE teams to construa resource guides 
and to selea leaching materials for use in 
infusing Earth systems concepts into the 
science curriculum in their areas (Mayer, 1991). 
The program has worked with over 180 
teachers in three member teams includii^ an 
upper elementary teacher, a middle school 
teacher, and a high school teacher during 
three-week long summer programs. These 
teams have conduaed Earth Systems aware- 
ness workshops in their states, communities, 
and at national NSTA conferences. During the 
summer of 1993, seleaed participants prepared 
resource guides for use at each of the diree 
grade ievels. 

Earth Systems Education Frameworic 

The PLESE Planning Committee Intentionally 
arranged the understandings of the Earth 
Systems Education Framework into a sequence 
(Mayer, 1991). The first emphasizes the 
aesthetic values of planet Earth as interpreted 
in art, music, and literature. By focusing on 



students’ feelings towards the Earth systems, 
the way in which they and others experience 
and interpret them, students are drawn into a 
systematic study of their planet. An aesthetic 
appreciation of the planet leads the student 
naturally into a concern for the proper 
stewardship of its resources: the second 
understanding of the framework (Mayer, 1990). 

A developing concern for conserving the 
economic and aesthetic resources of our planet 
leads naturally into a desire to understand how 
the various subsystems function and how we 
study those subsystems: the substance of the 
next four understandings. In learning how the 
subsystems function, students must master 
basic physics, chemistry, and biology concepts. 
The last understanding deals with careers and 
vocations in science, bringing the focus once 
again back to the immediate concerns and 
interests of th^2 student (Fortner, editor, 1991). 

Earth Systems Education and Science 
Curriculum Restructuring 

Teachers using the Framework to develop 
their resource guides saw its applkation for the 
development of integrated science curricula, an 
objective of both Project 2061 and NSTA’s 
SS&C effort. What could be more natural than 
developing K-12 science curricula using the 
subject of ail science investigations— planet 
Earth-as the unifying theme? Any physical, 
chemical, or biologial process that citizens 
must understand to be scientifically literate can 
be taught in the context of its Earth subsystem. 
TTiat is the thought that has guided a number 
of teachers and curriculum specialists in 
considering the implications of Earth Systems 
Education for the nation’s science curriculum 
reform efforts (Mayer, ei al, 1992). 

The Earth Systems Education effort also 
seeks to Implement a more holistic philosophy 
of the nature of science into what has been 
criticized as a reduaionist curriculum. Stephen 
Gould, occupant of the Agassi Chair of 
Paleontology at Harvard University has 
characterized the nature of science as it is 
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presented in today’s schools in the United 
Sates: 

Most chOdren first meet science in their 
formal education by learning about a 
powerful mode of reasoning called ""the 
sdentific method" Beyond a few 
platitudes about objeaivity and willing’ 
ness to change one's mind, students learn 
a restricted stereotype about observation, 
simplifiation to tease apart controlling 
variables, crucial experiment, and 
prediction with repetition as a test. These 
classic “bOliard baU" modes of simple 
physical systems grant no uniqueness to 
time and objea— indeed, they remove any 
spedal charaaer as a confusing variable— 
lest repeaabOity under common 
conditions be compromised. Thus, when 
students later confront history, where 
complex events occur but once in detailed 
glory, they can only conclude that such a 
subjea must be less than science. And 
when they approach taxonomic diversity, 
or phylogentic history, or biogeography— 
where experiment and repetition have 
limited application to systems in toal— 
they can only conclude that something 
beneath science, something merely 
“descriptive," lies before them (Gould, 
1986). 

The commonly held image of science that is 
reinforced in our classrooms is that of 
controlled laboratory experiments conducted 
by a balding man wearing a white lab coat. 

Basic to the Earth Systems Education approach 
is to give a more comprehensive undeistanding 
of the nature of science and its intellectual 
processes Including the historical descriptive 
approaches commonly used by the earth and 
biological sciences (Mayer, et al, 1992). 

Earth Systems Education efforts also ake a 
constructivist approach to learning both in 
workshops conducted by the staff and in the 
curriculum restruauring efforts. Most learning 
goes on in small collaborative groups working 
on real issues and problems dealing with the 
Earth System. Another basic tenant is that 
curriculum restructuring must be a "grass- 
roots" effort. Teachers are the curriculum 
developers. Other Individuals, be they 
university professors, professional association 



staff, sate or local level admlnistiators, serve a 
fiidliating function. The curriculum itsdf must 
be developed and therefore owned by the 
teachers who teach it (Mayer, ci a), W2). 

Earth Systems Education Projects 

Several projects are underway to test aspects 
of Earth Systems Education. The oldest and 
furthest along is the implemenation of an 
Integrated Biological and Earth Systems (BESS) 
science sequence into the high spools in the 
Worthington (OH) Schoerf Distria (Fortner, et 
al, 1992). It is a required sequence replacing 
both Earth science at the 9th grade and Biology 
at 10th. The sequence is organized around 
basic Earth systems issues such as resource 
supply, global climate change, and deforesa- 
tion. The program Incorporates coDaboradve 
learning and problem-sdving techniques as 
major instruaional strategies. Current 
technology is also used including on-line and 
CD-ROM databases for accessing current 
sdentifK: daa for use in course laboratory 
instruaion. Ten additional Ohio and New York 
school systems are now studying the BESS 
program for its implications for their curricu- 
lum restructuring efforts. 

Other efforts at elementary, middle, and 
high school levels are now underway in school 
districts in New York, Colorado, Ohio, Oregon, 
and Illinois. 

Conclusion 

The time appears to be ripe for the first total 
restructuring of the science curriculum since 
the current high school course sequence was 
established in the late 1800s. The dramatic 
changes that have taken place in science, in the 
understanding of how science is learned, in 
the evolving demands of technology, and in the 
pressures they place on our environment 
require this restructuring. Earth Systems 
Education offers an effeaive strategy. As a first 
step, it infuses planet Earth concepts into all 
levels of the K-12 science curriculum. In the 
long run, it provides an organizing theme for a 
K-12 integrated science curriculum that could 
effectively serve the objectives of scientific 
literacy and at the same time provides a basis 
for the recruitment of talent into science and 
technology careers. 
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FRAMEWORK FOR EARTH SYSTEMS EDUCATION 



Understanding #1: Earth is unique, a planet of rare beauty, 
and great value. 

• The beauty and value of Earth are expressed by and for people 
of all cultures through literature and the arts. 

• Human appreciation of Earth is enhanced by a better under- 
standing of its subsystems. 

• Humans manifest their appreciation of Earth through their 
responsible behavior and stewardship of its subsystems. 

Understanding #2: Human activities, collective and indi- 
vidual conscious and inadvertent, affect Earth Systems. 

• Earth is vulnerable and its resources are limited and suscep- 
tible to overuse or misuse. 

• Continued population growth accelerates the depletion of 
natural resources and destruction of the environment, 
including other species. 

• When considering the use of natural resources, humans first 
need to rethink their lifestyle, then reduce consumption, then 
reuse and recycle. 

• Byproducts of industrialization pollute the air, land and water 
and the effects may be global as well as near the source. 

• The better we understand Earth, the better we can manage our 
resources and reduce our impact on the enviromnent world- 
wide. 

Understanding #3: The development of scientific thinking and 
technology increases our ability to understand and utilize Earth 
and space. 

• Biologists, chemists, and physicists, as well as scientists from 
the Earth and space science disciplines, use a variety of 
methods in their study of Earth systems. 

• Direct observation, simple tools and modem technology are 
used to create, test, and modify models and theories that 
represent, explain, and predict changes in the Earth system. 

• Historical, descriptive, and empirical studies are important 
methods of learning about Earth and space. 

• Scientific study may lead to technological advances. 

• Regardless of sophistication, technology cannot be expected to 
solve all of our problems. 

• The use of technology may have benefits as well as unintended 
side effects. 

Understanding #4: The Earth system is composed of the 
interacting subsystems of water, rock, ice, air, and life. 

• The subsystems are continuously changing through natural 
processes and cycles. 

• Forces, motions and energy transformations drive the 
interactions within and between the subsystems. 

• The Sun is the major external source of energy that drives most 
system and subsystem interactions at or near the Earth's 
surface. 

• Each component of the Earth system has characteristic 
properties, structure and composition, which may be changed 
by interactions of subsystems. 

• Plate tectonics is a theory that explains how internal forces and 
energy cause continual changes within Earth and on its surface. 

• Weathering, erosion and deposition rontinuously reshape the 
surface of Earth. 

• The presence of life affects the characteristics of other systems. 



Understanding #5: Earth is more than 4 billion years 
old and its subsystems are continually evolxnng. 

• Earth's cycles and natural processes take place over time 
intervals ranging from fractions of seconds to billions of years. 

• Materials making up Earth have been recycled many times. 

• Fossils provide the evidence that life has evolved interactively 
with Earth through geologic time. 

• Evolution is a theory that explains how life has changed 
through time. 

Understanding # 6: Earth is a small subsystem of a Solar 
system xvithin the vast and ancient universe. 

• All material in the universe, including living organisms, 
appears to be composed of the same elements and to behave 
according to the same physical principles. 

• All bodies in space, including Earth, are influenced by forces 
acting throughout the solar system and the universe. 

• Nine planets, including Earth, revolve around the Sun in nearly 
circular orbits. 

• Earth is a small planet, third from the Sun in the only system of 
planets definitely known to exist. 

• The position and motions of Earth with respect to the Sun and 
Moon determine seasons, climates, and tidal changes. 

• The rotation of Earth on its axis determines day and night. 

Understanding #7: There are many people with careers and 
interests that involve study of Earth's origin, processes, and 
evolution. 

• Teachers, scientists and technicians who study Earth are 
employed by businesses, industries, government agencies, 
public and private institutions, and as independent contractors. 

• Careers in the sciences that study Earth may include sample 
and data collection in the field and analyses and experiments in 
the laboratory. 

• Scientists from many cultures throughout the world cooperate 
and collaborate using oral, written, and electronic means of 
communication. 

• Some scientists and technicians who study Earth use their 
specialized understanding to locate resoutces or predict 
changes in Earth systems. 

• Many people pursue avocations related to planet Earth 
processes and materials. 

The development of this framework started in 1988 with a 
conference of educators and scientists and culminated in 
the Program for Leadership in Earth Systems Education. 

It is intended for use in the development of integrated 
science curricula. The framework represents the efforts of 
some 200 teachers and scientists. Support was received 
from the National Science Foundation, The Ohio State 
University and the University of Northern Colorado. 

For further information on Earth Systems Education 
contact the Earth Systems Education Program Office, 
School of Natural Re.sources, The Ohio State University, 
2021 Coffey Road, Columbus, OH 43210. 









The National Context for 
Science Education Reform 



As science teachers, you are familiar with the many projects at the national and state levels that are attempting to 
improve science curriculum and instruction. You can use this national concern to help convince parents and administra- 
tors to invest the time and money for your ^orts at change. In this section we provide a condensed and focused sum- 
mary of the major influences on science reform that are accommodated in Earth Systems Education. 



Project Synthesis 

Three national studies of science teaching and 
curriculum supported by the National Science 
Foundation and conducted in the late 1970s docu- 
mented the rising concerns within the science 
education community about the nature of our 
science curriculum and teaching. The problems 
with science education revealed by these ♦hree 
studies were summarized in Project Synthesis (Harms 
and Yager, 1981). This report made four general 
recommendations about needed changes in K-12 
science curriculum. These recommendations are 
contained imder four Goal Clusters: 

Goal Cluster I — Personal Needs: Science educa- 
tion programs should prepare individuals to 
use science for improving their own lives and 
coping with an increasingly technological 
world. 

Recommended topics imder this Goal Cluster are 
energy, population, human engineering, environ- 
ment^ quality, use of natural resources, space 
research and national defense, sociology of science, 
and effects of technological developments. 

Goal Cluster II — Societal Needs: Science education 
programs of the community should prepare 
its citizens to use science to deal responsibly 
with science-related societal issues. 

The same topics as in Goal Cluster I were recom- 
mended to fulfill the goals in this Cluster. Future 
citizens should be prepared to imderstand the 
relationship between the use of energy, for example, 
and its impact on society. 



Goal Cluster III — Academic Knowledge of Science: 
Science education programs should insure the 
continued development and application of 
scientific knowledge by maintaining a 
"critical mass" of hmdamental scientific 
understanding in the American public. 

Attention must be paid to the development of an 
adequate background in science relating especially 
to the content goals in Clusters I and II. The future 
citizen must be prepared to understand the tentative 
nature of scientific knowledge. Programs must 
provide an opportunity for the citizen to gain 
current knowledge in science. 

Goal Cluster IV — Career Awareness and Educa- 
tion: Science education programs of the 
community should insure the continued 
development and application of scientific 
knowledge by maintaining a continual 
supply of citizens with scientific expertise. 

This goal can be achieved through developing an 
appreciation for career opportimities in science, 
helping the student make career decisions, and by 
providing a broader and more holistic view of 
science and technology. 

Project Synthesis provided recommendations for 
future curricular change, based on what were 
perceived as the needs of society in the late 70s. It 
spawned the Science, Technology, and Society (STS) 
movement led by educators such as Robert Yager 
from the University of Iowa and Rustum Roy of 
Penn State University. A number of school systems 
around the country have modified their science 
curricula to accommodate the major features of STS, 
basically to demonstrate the applications of science 
in technology and society. 
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As national priorities change, so too must our understanding of what constitutes the 
essential knowledge of science that is to be conveyed to every future citizen. Earth 
Systems Education does this. As such it is unique among the recent reform efforts, most 
of which were spawned during the cold war. 



Science for the Future 

Project Synthesis and STS provided a foundation for 
later projects, such as Project 2061 discussed below. 
Note, however, that one of the major topics cited 
under Goal Cluster I was "national defense." This 
was important when Project Synthesis was devel- 
oped, because of our competition with the Soviet 
Union. This competition no longer exists. National 
defense, in the context of the 70s, is no longer a 
national priority. The insistence that we form a new 
definition of science comes from Rep. George E. 
Brown Jr., former Chair of the House Committee on 
Science, Space, and Technology. This committee has 
oversight of most civilian science and technology 
programs. Brown, in a newspaper article published 
in several papers in 1992, (quoted from AAAS, 

1993b, pp. 111-112) said, "Today there are more 
human beings living in abject poverty throughout 
the world than ever before. At home, our global 
leadership in science and technology has not trans- 
lated into leadership in infant health, life expectancy, 
rates of literacy, equality of opportunity, productiv- 
ity of our workers, or efficiency of resource con- 
sumption. Neither has it overcome failing education 
systems, decaying cities, environmental degrada- 
tion, unaffordable health carev and the largest 
national debt in history." 

"Must science and technology continue to feed the 
historical cycle of more consumption, more waste, 
more economic disparity? Or can our research lead 
us out of that cycle, and create a new trajectory for 
cultural evolution?" Science curriculum developers 
need to consider Brown's concerns about the ability 
of our current science and technology programs, 
founded in the World Wars and Cold War, to assist 
in solving our current problems. They must ask 
themselves: what does this new view of the role of 
science in our society say about the content of a 
science curriculum for educating citizens as to the 
proper role and methodology of science in this post- 
war world? In this context even projects as recent as 
Project 2061 and NSTA's Scope, Sequence, and 
Coordination are outdated. 



Project 2061 

In 1987, the American Association for the Advance- 
ment of Science sponsored a program to fundamen- 
tally change science as taught in American schools. 
Five panels of scientists met over a two-year period 
to define the content and character of "Science for All 
Americans" This became the title of the report of 
Project 2061 (AAAS, lv89). Much of the science 
content recommended was already found in school 
curricula. It differed, however, in two fundamental 
ways. First, the traditional boundaries between the 
disciplines of Earth science, biology, physics, chemis- 
hy, and mathematics cue softened and the connec- 
tions emphasized. Second, "the amount of detail that 
students are expected to retain is considerably less 
than in traditional science ... courses. Ideas and 
tliinkmg skills are emphasized at the expense of 
specialized vocabulary and memorized procedures." 
The following recommendations are especially 
pertinent to teachers developing Earth Systems 
Education programs: 

To ensure the scientific literacy of all students, 
curricula must be changed to reduce the sheer 
amount of material covered; to weaken or 
eliminate rigid subject-matter boundaries; to 
pay more attention to the connections among 
science, mathematics, and technology; to 
present the scientific endeavor as a social 
enterprise that strongly influences — and is 
influenced by — human thought and action; 
and to foster scientific ways of thiiddng. 

The effective teaching of science ... must be 
based on learning principles that derive from 
systematic research and from well-tested craft 
experience. Moreover, teaching related to 
scientific literacy needs to be consistent with 
the spirit and character of scientific inquiry and 
with scientific values. This suggests such 
approaches as starting with questions about 
phenomena rather than with answers to be 
learned; engaging students actively in the use 
of hypotheses, the collection and use of 





evidence, and the design of investigations and 
processes; and placing a preminin on students' 
curiosity and creativity. 

In Chapter 13, Effective Learning and Teaching, of the 
Project 2061 report the following recommendations 
are made: 

Teaching Should Be Consistent With the Nature 
of Scientific Inquiry 

Start with questions about nature 

Engage students actively 

Concentrate on the collection and use of evidence 

Provide historical perspectives 

Insist on clear expression 

Use a team approach 

Do not separate knowing from finding out 
De-emphasize the memorization of technical vocabu- 
lary 

Science Teaching Should Reflect Scientific 
Values 

Welcome curiosity 
Reward creativity 

Encourage a spirit of healthy questioning 
Avoid dogmatism 
Promote aesthetic responses 

Science Teaching Should Aim to Counteract 
Learning Anxieties 
Build on success 

Provide abundant experience in using tools 
Support the roles of girls and minorities in science 
Emphasize group learning 

Science Teaching Should Extend Beyond the 
School 

Teaching Should Take Its Time 

Project 2061 has published a document entitled 
Benchmarks for Science Literacy (AAAS, 1993a) 
intended to provide guidance to the science curricu- 
lum developer. It delineates the content that its 
authors believes should be known by a student at 
each of four levels, at the end of second, fifth, eighth, 
and twelfth grades. 

The benchmarks are organized in the same manner 
as the content of Science for All Americans. Examining 



the Benchmarks book, its vast list of topics might 
cause one to wonder if its implementation would 
indeed foster the objective of reducing the amount of 
detail taught in current science curricula. 



The Benchmarks can provide assistance to 
the science teacher attempting to develop 
an Earth Systems curriculum. To use them 
a teacher needs to use the seven Earth 
Systems Understandings as a “screen" 
through which the current relevance of 
each of the benchmarks can be evaluated. 
Those that pass the screen can help to 
provide a foundation for an integrated ESE 
curriculum. 



Scope, Sequence, & Coordination 

Another major national project is the Scope, Se- 
quence, and Coordination Project of the National 
Science Teachers Association. Six school systems are 
involved in revising their secondary science pro- 
grams through this project. Its major focus is to 
coordinate the teaching of each of the four sciences, 
biology, chemistry. Earth science, and physics at each 
of the grade levels, seventh through twelfth. SS&C 
has adopted most of the goals of Project 2061. The 
chart found at the end of this section provides a 
comparison of the two projects. 



National Standards 

The National Academy of Science through its 
research arm, the National Research Council, is 
completing a study leading to recommendations for 
national standards for science. The standeirds have 
been developed (National Research Council, 1994) in 
five areas: content, teaching, assessment, program, 
and system. The development of standeirds in these 
areas is guided by the following principles: 

All students must have the opportunity to 
learn the science defined in content stan- 
dards. 
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With appropriate opportunities and experi- 
ences, all students can learn this science. 

Students should learn science in ways that 
reflect the inquiry used by scientists to 
understand the natural world. 

Learning is an active process that occurs best 
when each student acts as a member of a 
learning community. 

The quantity of factual knowledge and 
routine skill must be limited to what is 
essential or fundamental so that students 
have the time to attain deep understanding 
and the thinking power defined in the content 
standards. 

Content, teaching, and assessment standards 
guide the central features of an education 
program. The application of these standards 
and their interactions in a specific place and 
time provides students with the opportunity 
to lecim what is defined in the content stan- 
dards. 

The content standards have been developed in the 
following areas; science as inquiry, physical science, 
life science. Earth and space science, science and 
technology, science in personal and social perspec- 
tives, history and nature of science, and unifying 
concepts and processes. The Earth and space science 
standards, for example, are very supportive of an 
Earth Systems approach (see table below). They can 
form the core, around which the other content 
standards can be integrated. 



Levels K-4 

Properties of Earth materials 
Objects in the sky 



Levels 5-8 

Structure of the Earth system 
Earth's history 
Earth in the solar system 



Levels 9-12 

Energy in the Earth system 
Geochemical cycles 
The origin and evolution of 
the Earth system 

The origin and evolution of the universe 



Another example of the concurrence of the Earth 
Systems Education approach to curriculum content 
are the "science in personal and social perspectives 
standards." They support Understandings two, 
three, and seven (see the following table). 



Levels K-4 

Personal hecdth characteristics and 
changes in populations 
Types of resources 
Changes in environments 
Science and technology in local challenges 



Levels 5-8 

Personal hecdth 

Populations, resources, and environments 
Natural hazards 
Risks and benefits 
Science and technology in society 



Levels 9-12 

Personal and community health 
Population growth 
Natural resources 
Environmental quality 
Natural and human-induced hazards 
Science and technology in local, national, 
and global challenges 



There are five areas of teaching standards designed 
to define how science is presented in the classroom. 
An example is: 

Teachers of science develop communities of 
science learners that reflect the intellectual 
rigor of scientific inquiry and the attitudes 
and social values conducive to science 
learning. 

There are several areas also being defined in the 
assessment standards. The following standard 
entitled "coordination with intended purposes" is an 
example: 

Assessments are consistent with the decisions 
they are designed to inform. 

Assessments are deliberately designed. 

Assessments have explicitly stated purposes. 
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The relationship between the decisions and 
the data should be clear. 

Assessment procedures are internally consis- 
tent. 

A subcategory of another of the standards states that 
''assessments are authentic." In these the standards 
seem to be suggesting that teachers change their 
assessment procedures to employ a much broader 
range of ways to collect data on their students 
accomplishments. This is consistent with the Earth 
Systems Education emphasis on the use of authentic 
assessment procedures. 



The assessment standards support the use 
of the types of authentic assessment tech- 
niques implicit in the ESE model, includ- 
ing portfolios, rubrics and performance 
testing. 



The standards also speak to the overall school 
program; that science should be coordinated with 
mathematics; that students and teachers have access 
to the necessary time, space, materials, and person- 
nel; and that: 

Schools are communities that encourage, 
support, and sustain teachers as they imple- 
ment an effective science program. 

Schools explicity support reform efforts in an 
atmosphere of openness and trust that 
encourages coUegiality. 

Regular time is provided, and teachers 
encouraged to discuss, reflect, and conduct 
research around science education reform. 

Teachers are supported in creating and being 
members of networks of reform. 

An effective leadership structure that in- 
cludes teachers is in place. 



One of the beliefs implicit in Earth Systems 
Education is that any true education 
reform effort comes from the teachers. It is 
they who must assume the leadership in 
change. 



The system standards will also speak to issues such 
as: resource allocation must be consistent with 
program standards and principles of equity; cind 
coherent and consistent communication must occur 
among and between system levels aligned with 
content, teaching, and assessment stcindards. 

Dr. Henry Heikkinen, former Chair of the Curricu- 
lum Panel of the National Research Council's 
Standards Committee, in a presentation to the 
participants of the final PLESE workshop held in 
Greeley, CO, in July 1993, summarized the impor- 
tance and thrust of the national standards effort. He 
pointed out that it is an attempt to operationally 
define science literacy. This is a result of industry's 
desire to have workers at all levels who can: 

• Identify problems 

• Evaluate alternatives 

• Formulate decisions logically 

• Separate fact from fiction 

• Adjust to unanticipated situations 

• Understand written material 

• Verify information 

• Evaluate worth/objectivity of sources 

• Determine what's needed to accomplish 
assignments 

These are but the well worn processes of science 
under different labels. The science program there- 
fore should be an essential contributor to these 
workplace skills. He provided the following chart: 



Scientist's 

Science 


School 

Science 


Real 

World 


Principles 


Experiences 


Issues 


Theories 


Activities 


Problems 


Concepts 

Facts 


Learning Materials 


Decision-making 


<- 


-> Teachers <-- 


-> Students 
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Too much school science results from the interaction 
of the elements on the left side of this chart. The 
teacher is responsible for interpreting the knowledge 
from the scientists for implementation in the school. 
School science, however, must also be affected by the 
Real World as seen by students. We, therefore, must 
never forget to look to the right on this chart and 
create school science programs that can assist 
students in coping with their Real World exigencies. 

The Secretary's Commission on 
Achieving Necessary Skills 

One other report has relevance to science teachers in 
their attempts to reform science teaching within 
their schools. The Secretary's Conunission on. 
Achieving Necessary Skills (SCANS) was appointed 
by the Secretary of the Department of Labor to 
"determine the skills that our young people need to 
succeed in the world of work." Its report (SCANS, 
1992) lists five workplace competencies, including 
the following: 

Resources — Workers "will know how to allocate time, 
money, materials, space, and staff." 

Interpersonal Skills — Workers "can work in teams, 
teach others, serve customers, lead, negotiate, 
and work well with people from culturally 
diverse backgrounds." 

Information — Workers "can acquire and evaluate 
data, organize and maintain files, interpret and 
communicate, and use computers to process 
information." 

Systems — Workers "understand social, organization, 
and technological systems; they can monitor and 
correct performance; and they can design or 
improve systems." 

The report also listed three areas of foundation skills 
required by the worker. They include: 

Basic Skills — reading, writing, arithmetic and math- 
ematics, speaking, and listening. 

Thinking Skills — the ability to learn, to reason, to 
think creatively, to make decisions, and to solve 
problems. 



Personal Qualities — individual responsibility, self- 
esteem and self-management, sociability, and 
integrity. 



These needs must be addressed in any 
reformed science program using the Earth 
Systems approach. They can be developed 
by greater reliance of teachers on coopera- 
tive and collaborative learning techniques 
and a shift away from the typical competi- 
tive atmosphere so prevalent in science 
classrooms today: fundamental aspects of 
ESE, ESE philosophy has been designed to 
guide the development of programs that 
foster these personal capabilities all stu- 
dents must acquire whether they will be 
working in a fast food restaurant or in a 
science research institute in a university or 
industry. 



Summary 

Each of the documents cited above provides support 
for efforts at restructuring science curriculum and 
teaching following the Earth Systems model. We 
believe that our model incorporates most of the 
national recommendations that aie based on solid 
research and practice. It differs, however, in that it 
modernizes the content of the science curriculum. 
Project Synthesis and Project 2061 are both founded 
in the era of the cold war, when national defense 
was our major priority in the development of science 
in this country. With ihe cold war now over the 
content of the science curriculum must change to 
accommodate the changing national priorities for 
science. National political leaders cure saying that we 
must now focus on the envirorunental and social 
problems that have been left in the wake of the cold 
war. Science, to survive as an important national 
resource, must change itself accordingly. Earth 
Systems accommodates this changing perspective on 
science literacy. It provides a focus for the science 
curriculum which otherwise does not exist. That 
focus is Planet Earth, its appreciation and steward- 
ship. 
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What IS the Difference Between 
Project 2061 and SS&C? 



Obvious similarities between Project 2061 of the 
American Association for the Advancement of 
Science (AAAS) and Scope, Sequence, and Coordina- 
tion (SS&C) of the National Science Teachers Asso- 
ciation (NSTA) prompt such a question. In part, the 
resemblance is deliberate: NSTA endorses the goals 
in Project 2061 's Science for All Americans and incor- 
porated them into its core curriculum and defining 
documents, Vol. /: The Content Core, and Vol. II: 
Relevant Research. 



NSTA's SS&C 

A major reform of science at the secondary 
level that advocates carefully sequenced, well- 
coordinated instruction in all the sciences that 
all students study every year for seven years 
so that students acquire a greater depth of 
understanding in science. 



PROJECT 2061 

A long-term reform initiative to transform K- 
12 education for the 21st century through a 
coordinated set of reform topis for school 
districts to use in developing their own 
curricula so that all students achieve science 
literacy. 



As the following abridged list suggests, the similari- 
ties are substantial. 

Project 2061 and SS&C support common reform 
elements in that they both: 

• are broad-based, multi-year initiatives to 
reform science education; 

• emphasize how students actually learn and 
sequence instruction accordingly; 

• advocate science literacy for all students and 
promote the success of minorities, females, 
and groups, like the disabled, alienated by 
traditional science education; 




• do not perpetuate the idea that only intellec- 
tually elite students are capable of learning 
and enjoying science; 

• question the structure and content of 
traditional science courses and propose 
carefully considered alternatives; 

• subscribe to the notion that depth of under- 
standing is more critical than broad, superfi- 
cial coverage of science topics; 

• invite variations on curriculum design that 
retain definitive principles of the project; 

• have six sites around the country — through 
each defines a site differently — developing 
alternative approaches to teaching and 
learning; 

• involve teachers in the design of curricula 
and show concern for the professional 
development of teachers; 

• involve university programs, scientific 
societies, and education associations; 

• involve parents, school administrators, 
science supervisors, and consultants; 

• receive funding from the National Science 
Foundation; and 

• emphasize life-long learning. 

HOWEVER, the two projects are by no means 
identical. The following summary highlights some 
fundamental ways in which the twc projects are 
distinct. 




Jim Immelt, BESS teacher, discusses program with 
Dr Evgeny Nestercn), State Pedagogical University, 
St. Petersburg, Russia, and Dr. Suck-ivan Choi, 
Kong/u National University, Korea. 
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NSTA's SS&C 



AAA'S Project 2061 



> Was launched in 1989. 

> Addresses curriculum reform in science education. 

> Defines an SS&C project in terms of the develop- 
mental sequencing of abstract and the spacing 
effect in repetition of topics over several years. 

> Focuses on middle and secondary school science 
curricula, recognizing that older students bring to 
the classroom knowledge and notions gained in 
elementary school. 

> Includes all the natural sciences with their applica- 
tions to technology. 

> Recognizes the interdependence of the science 
disciplines and integrates them in the middle 
school years, and coordinates them (teaches them 
as sepearte but related subjects) at the secondary 
school level 

> Is relatively short term — a preliminary restructur- 
ing designed to induce a long-term change 
process. 

> Will restructure curriculum so that students study 
a science subject area several hours per week 
every year in grades 6-12 (spacing) or the concepts 
of science over several years at progressively 
higher levels of abstraction (sequencing). 

> Identifies instructional materials that can be taught 
over a seven-year period. These materials will be 
used by schools wishing to repliccite the 



> Was launched in 1985. 

> Addresses systemic reform in K-12 education for 
science literacy. 

> Defines a Project 2061 effort in terms of the learn- 
ing goals specified by Science for All Americans 
(SFAA). Sequencing and spacing are consider- 
ations but not defmitions. 

> Focuses on K-12 curricula with specific bench- 
marks for science literacy at grades 2, 5, 8, and 12 
that analyze and sequence SFAA's learning goals 
and their interconnections. 

> Includes all natural and social sciences, math- 
ematics, and technology. 

> Recognizes the interdependence of the sciences 
and integrates or makes curriculum connections 
among the science disciplines and with other 
disciplines, such as the arts cind humanities. 

> Proposes long-term reform of the entire K-12 
system through blueprints on teacher education, 
assessment, policy, cind other school issues. 

> Will provide alternative models for restructuring 
curriculum: in parallel aiTcingement, with little 
overlap among subjects; integrated around issues 
or phenomenon; or in a mosaic, bound by a 
variety of organizing principles. 

> Designs a coordinated set of reform tools — the 
basic components of curricula with alternative 
approaches to teaching and learning — for school 
districts to develop their own curricula. 



This chart was developed by Project 2061 (AAAS) and SS&C (NSTA) staff. 






Successful Strategies For Using 
Earth Systems Education In 
Science Curriculum Restructure 



In this section lue provide you with brief discussions regarding actual restructuring efforts in several schools and school 
systems that have used the Earth Systems Education model for the development of integrated science curricula. The first 
describes an effort to integrate the entire K-U program of a small district in Colorado. The second focuses on the middle 
school program of a small but rapidly growing district in central Ohio in which there is a single middle school employing 
five science teachers. The third program is a remarkable, field centered program developed at the Laboratory School of the 
. University of Northern Colorado. It integrates concepts from the sciences with mathematics and social studies, using a 
single river system, the Cache la Poudre River 

There are also efforts to use the Earth System Science model for restructuring college and university courses to reflect 
more closely the modern concept of study of planet Earth. Following the article on the BESS program is one that de- 
scribes a national program for the development of Earth Systems Science courses sponsored by the National Research 
Council of the National Academy of Sciences. The universities and individuals listed at the end of this article could 
provide you with support in your efforts at restructuring using the Earth Systems model. The last portion :,f this section 
is a report of the restructuring effort at The Ohio State University. These efforts in higher education give even greater 
credibility to the use of the Earth Systems Education model at the precollege level. 



Restructuring K-12 Science in the 
Fort Lupton, Colorado, Schools 

The 1992 Colorado PLESE team consists of one 
elementary teacher, one middle school teacher, one 
high school science teacher, and our district science 
coordinator who functions as our PLESE administra- 
tor. Together we developed the following strategy 
for moving our district's curriculum restructuring 
effort along the lines of Earth Systems Education: 

• Introduce ESE to district superintendent 

• Present to local school board 

• Guide district science curriculum change with 
ESE format 

• Present follow-up workshops 

• Develop support system 

Our plan was to gain the support of our district 
administration by demonstrating how the ESE 



format correlated with our district learning out- 
comes. 

We approached the superintendent at an informal 
luncheon meeting in September, following our 
participation in the summer PLESE workshop at 
Greeley. We enthusiastically shared with him our 
recent experience in Earth Systems Education. 
Sharing our interest in ESE he suggested that we 
make a 30 minute presentation at the coming School 
Board meeting. He invited the building administra- 
tors to be present so that they might also be in- 
formed. Our presentation included the ESE frame- 
work, a needs statement, a short video, and opportu- 
nities for discussion. Our PLESE administrator and 
college liaison were there for support and to help 
answer questions. 

After winning support from the school board and 
building administrators we went on to present at 
two teacher workshops, each lasting about an hour 

57 



©The Ohio State University Research Foundation, 1995 




_ ; — 

52 • A ki sol U( I (it 11)1 1 Ok 11 \kj ii S^ si i \is Mih (. \i ion 



and a half. One was presented to teachers of grades 
7-12 and the other to grades P-6 (pre-school to six) 
teachers. These workshops introduced the seven 
understandings and the spheres. At the elementary 
level workshop a station was set up for each under- 
standing. Each station exhibited posters, sample 
activities, hand-outs, and in some cases, a video or 
slide show. Teachers were free to roam from station 
to station. The high school level workshop took the 
format of an open discussion. 

Through the workshops we had gained enough 
support to bring the ESE format to the table at the 
first district science curricular restructuring commit- 
tee meeting. Our scope and sequence was based on 
the four spheres. These were charted on butcher 
paper around the room to check for gaps. Then each 
grade level developed objectives based on the seven 
understandings. Using the new district science 
curriculum, the fourth grade teachers chose to have 
each teacher on their team of four teach one sphere. 
Four high school teachers teamed together to engage 
in a pilot program called Earth Systems. They were 
able to enroll twenty studei.ts in a two hour time 
block. The pilot program proved to be successful so 
the following year Earth Systems was established as 
a 9tli grade class. The following year was spent 
developing assessments at each grade level. Because 
it was the year for science curricular restructuring, 
release time for teacher inservice was already built 
into the calendar. By approaching the science 
coordinator and building administrators early it was 
not difficult to fill those workshop openings with 
ESE progrcims. 

There have been several workshops offered by the 
PLESE team throughout the past two years includ- 
ing field trips, demonstrations, infusion activities, 
university credit, university speakers, and teaming 
activities. Teachers have been very receptive to ESE 
because it helps them integrate science in their 
classrooms. They have made comments such as, 
"This workshop makes so much sense," or "Now I 
can see an organization for teaching science that 
works witl\ other things Tm teaching." Another said, 
"For the first time I actually enjoy teaching science." 

The next step will be to develop a support system 
consisting of teachers at all grade levels, administra- 
tors, coordinators, community members, and 
scientists. 



Written by Gayle Ryley, Butler Elementary School, 

Ft. Lupton, CO, following the summer 1993 work- 
shop. For further information contact Gayle at: 

Weld County School District RE-8 

301 Reynolds St. 

Forth Lupton, CO 80621 

Earth Systems Education at 
Marysville, Ohio, Middle School 

The following contribution was adapted from an article 
zvritten for the Autumn 1993 issue of the PLESE News- 
letteh PLESE Note .... It demonstrates one of the ways in 
which Eisenhower funds can be used in a partnership 
between an institution of higher education and local 
school districts. It was written by Bill Steele, from 
Marysville Middle School, Marysville, OH. 

The science program at the middle school hni 
remained quite stagnant for many years. The 
standard "general, life, and Earth" sciences com- 
prised our text-dictated curriculum in grades 6-8 
respectively. One revision of curriculum amounted 
to nothing more than paraphrasing the table of 
contents from the text selected for that particular 
five to ten year period. It was apparent to all 
department members that the time for substantive 
change was long overdue. 

A breakthrough was achieved in 1991 when our 
science staff became involved in a restructuring 
project with middle schools from nine districts and 
The Ohio State University. Realizing that we shared 
many problems (such as lack of time to plan to- 
gether, not enough materials, and dictates from "on- 
high" — i.e. school boards, state departments of 
education, etc.), the discussion among participants 
then moved on to see what could be done about 
these concerns. The project itself was a tremendous 
help since the entire science department from a 
school in each district met for more than two days a 
month (one school day, one Saturday, and one after 
school meeting) to map strategies to create a more 
useful and responsive curriculum. The time was 
well spent. We quickly arrived at the consensus that 
there was much more to teaching science than those 
things listed in a textbook. We met with many 
individuals with expertise in both teaching and 
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science disciplines. We visited other schools and 
science education facilities such cis parks and 
museums. Finally, we had the confidence to create 
our own science program to fit the needs of our 
students. 

The "seven understandings" of Earth Systems 
Education provide the focus for our middle school 
program now. While recognizing content as being 
important, we have decided to place a much greater 
emphasis on process skills that will provide our 
students with the tools to learn about the world they 
live in, and continue to use throughout their lives. A 
common theme at all three grade levels will be 
monitoring conditions at Mill Creek Park which is 
being developed as an outdoor lab facility for our 
district. Each grade will evaluate specific elements 
of the area as developmentally appropriate. Data 
will be shared among all grades along with the local 
elementary schools and the other two county school 
systems. Likewise, similar data collected at the 
county schools will be shared with us. Each grade 
level at Marysville Middle School will also develop 
some individual themes. "Trees and Forests" is a 
grade six theme. "Ecosystems of the USA" is one for 
the seventh grade and "Disasters: Man-made and 
Natural" is a representative title for a grade eight 
theme. While ten to fifteen themes per grade will be 
developed, not all will be covered each year. De- 



pending upon teacher expertise, materials available 
and current importance, a theme may or may not be 
covered in any particular year. At the same time, 
themes may be added or eliminated for the same 
recisons. The unifying idea behind each theme at 
each grade level is how it will relate to all the Earth 
systems — atmosphere, biosphere, hydrosphere, and 
lithosphere. 

We are still very much in the formative stages of 
developing our new program. The "Earth Systems 
Education" concept has provided both an impetus 
and a focus to allow comprehensive reform to occur. 
Over the next several years, the program should be 
completed. The ESE concept is dynamic enough to 
allow any science program to adjust to an ever- 
changing school ar\d global environment. 

Feel free to contact us if you have any questions. Bill 
Steele, Chris Hoehn, Laura Koke, Grayce Ann 
Kleiber, and Kevin Sampsel, the science staff at: 

Marysville Middle School 

833 N. Maple St. 

Marysville, OH 43040 
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Earth Systems Science Field Study 
IN THE Curriculum of the 
Laboratory School of the 
University of Northern Coloraexd 

As a result of numerous national studies during the 
decade of the 1980s, science teachers have become 
acutely aware that traditional delivery of science 
content does not reach many students. Conse- 
quently, several curriculum change propos^ have 
been brought forward (AAAS Project 2061, NSTA 
Scope, Sequence, and Coordination, Program for 
Leadership in Earth Systems Education). The latter 
one has been a nationwide K-12 curriculum reform 
philosophy piloted at teacher workshops at The 
Ohio State University and the University of North- 
ern Colorado since 1990. PLESE was designed to 
infuse a systemic understanding of Earth into the 
curriculum content nationwide. Making the focus of 
the curriculum the planet on which we live helps to 
engage students where they are in the real world. 
This is opposed to trying to engage them in abstract 
or disconnected facts. Also, by focusing on students' 
feelings toward the Earth systems, the way in which 
they and others experience and interpret them, 
students are drawn into a systematic study of their 
planet. An aesthetic appreciation of the planet leads 
the student naturally into a concern for the proper 
stewardship of its resources; the PLESE approach 
capitalizes on students' awareness of their environ- 
ment. 

Trying to develop a concern for conserving the 
economic and aesthetic resources of our planet leads 
naturally into a desire to understand how the 
various subsystems function. A regard for how we 
study those subsystems also evolves. In learning 
how the subsystems function, students must master 
basic geology, physics, chemistry, and biology 
concepts. Moreover, other disciplines are invited 
into the classroom simultaneously, instead of willful 
avoidance. Students are encouraged to make 
connections instead of just considering each subject 
in a void. 

The curriculum change process in the nation's 
schools looms as a formidable barrier to school 
restructuring. New strategies are needed to con- 
vince teachers that there are better ways to develop 
an integrated curriculum that is both exciting to 



students and academically rigorous. Considering 
the school curriculum as a study of the Earth and its 
systems does provide a new paradigm for a relevant, 
engaging, and rigorous approach for integrating the 
sciences with art, literature, social studies, language, 
and other disciplines. Using the nationally-tested 
philosophy of the Program for Leadership in Earth 
Systems Education (PLESE), the University of 
Northern Colorado Laboratory High School Science 
Department proposed to model the "systems 
thinking" approach with a science course called 
"Natural Science Field Study." Our idea was to 
study a local river, the Cache la Poudre, as a system, 
using an integrated, interdisciplinary approach. 
Instead of teaching biology, geology, chemistry, and 
physics separately, it was the intent of the new class 
to allow students to learn and understand science 
concepts by analyzing a river system out in the field. 
Once back in the classroom, students correlate the 
data to see how science disciplines are related to 
each other, as well as to all other disciplines. The 
premise of this effort is that solving global problems 
requires understanding the entire set of interactions 
between the various systems involved. The systems 
approach is in direct conflict with the reductionist 
approach that instructs students in one narrowly- 
defined discipline at a time, and discourages connec- 
tions to other disciplines. 

Students study the Cache la Poudre River at three to 
five different sites. At each location, the students 
analyze, the chemistry of the water, collect and 
identify aquatic organisms, label, analyze, and map 
the substrata of the river, and measure and calculate 
the physical characteristics of the river systems. 
Students are also asked to observe the aesthetics and 
stewardship of the river sites. An overall map is 
constructed of the study location and correlations 
are made to understand interacting systems. Our 
purpose is to model a river system, the Cache la 
Poudre River, as a microcosm of global problems. 

By taking a concrete, local example of a study site, 
we have built a curriculum that can be transported 
back to each teacher's locality and applied to local 
systems in their communities. There is a growing 
concern that schools are not recognizing the impor- 
tance of how basic subsystems of the Earth can be 
correlated to an understanding of finding solutions 
to global problems. There is a need to evaluate and 
restructure the middle and high school curricula to 
ensure tliat present and future citizens will under- 
stand systems in a holistic manner. 

60 
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The Lab School's Natural Science Field Study class is 
a systematic approach to the Cache La Poudre River, 
which has been recognized by the Colorado Division 
of Wildlife, the Central Colorado Water Conservancy 
District, and the Colorado Audubon Society as an 
innovative and highly relevant course for today's 
students. This recognition has been emphasized by 
a strong interest from middle and high school 
teachers at national, regional, state and local presen- 
tations. For further information contact: 

Raymond L. Tschillard 

University of Northern Colorado Laboratory 
School 

Greeley, CO 80631 
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A National University-based 
Program in Earth Systems Science 
Education 

This article, written by Michael Kalb, Director of the 
Atmospheric Science Program of the Universities Space 
Research Association, ajfpeared in the Spring 1993 issue 
ofEarthQuest. 

Many educators at the university level are currently 
developing undergraduate curricula in global 
change and Earth Systems Science, but their re- 
sources are often limited to what is available at their 
own institutions. To help overcome this problem, 
the Universities Space Research Association (USRA) 
and National Aeronautics and Space Administration 
(NASA) have inaugurated the University-based 
Cooperative Program in Earth Systerr\s &ience 
Education (ESSE). ESSE links faculty from 22 U.S. 
universities with each other and with NASA scien- 
tists toward the establishment of a national aca- 
demic foundation for Earth Systems Science and 
global change studies, and for bringing new scien- 
tists with an interdisciplinary training into the field. 

The ESSE program offers financial incentives to 
universities that are willing to participate coopera- 
tively with other universities and NASA in curricu- 
lum development within a framework designed to 
overcome the traditional barriers to interdisciplinary 
science education. 

Each participating university offers a survey course 
and a senior-level course in which faculty present 
Earth systems issues as a socially relevant, challeng- 
ing, and important class of scientific problems. The 
survey course is meant to give the general student 
population an appreciation of the social, economic, 
and political implications of global change as well as 
a scientific understanding of the interrelationships 
between tlie climate and ecological systems. The 
senior-level course applies advanced concepts and 
analyses in a problem-solving, project-oriented 
environment. Its objective is to attract and motivate 
students to pursue graduate studies and perhaps 
careers in interdisciplinary global change and Earth 
science research. Senior-level courses are taught by 
at least two faculty members from different relevant 
disciplines. 



Participating universities join in an organized 
exchange of scientists and faculty. To build on the 
strength in a particular university, visiting scientists 
from other universities and from NASA offer guest 
lectures in the undergraduate classes, present at 
least one seminar, and hold week-long discussions 
with the faculty, staff, students, and administrators. 
For this purpose, each university offers at least three 
of its faculty and scientists to a common pool, and 
each is encouraged to invite three visitors from this 
pool each academic year as well. ESSE provides 
logistical and travel support for these interactions. 

A principal faculty coordinator has primary respon- 
sibility for the activities within his or her university. 
This person identifies potential teachers and faculty 
for the traveling pool. The coordinator also works 
with a NASA scientist who can contribute infor- 
mally to the university's academic program by 
advising on class projects and experiments relevant 
to NASA missions, as well as by facilitating access to 
NASA data, technical material, and other resources. 
Each summer, the faculty coordinator and a teaching 
assistant have the opporhmity to spend up to two 
weeks with their NASA affiliate at his or her center, 
and the NASA affiliate may spend up to a week at 
the university, as described above. 

The 22 participating universities were chosen 
through proposcds addressing the interdisciplinary 
strength of existing programs, faculty, and resources, 
and the institutional commitment to the develop- 
ment of interdisciplinary curricula. Eleven universi- 
ties initiated the program in 1991, and 11 others 
joined the following year. The program is planned 
to continue through 1996. 

Participating Universities and Faculty 
Coordinators 

Johns Hopkins University, George Fisher 
New York University, Michael ^mpino 
Northwestern University, Abraham Lehrman and 
John Walther 

The Ohio State University, Ellen Mosley-Thompson 
Pennsylvania State University, Eric Barron and 
Jon Nese 

Princeton University, Henry Horn 
Purdue University, Ernest Agee and John Snow 
Rice University, Arthur Few 
Rutgers University, James Miller 
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Stanford University, W. Gary Ernst and 
Jonathan Roughgarden 

University of Alabama-Huntsville, Richard McNider 
University of Alaska-Fairbanks, Joshua Schimel .• 
University of Arizona, Lisa Graumlich 
University of California, Los Angeles, Richard Turco 
University of California, Santa Barbara, 

Raymond Smith and Catherine Gautier 
University of Florida, David Hodell 
University of Iowa, Jerald Schnoor and Frank Weirich 
University of Minnesota, Kerry Kelts 
University of New Hampshire, Robert Harriss 
University of Wisconsin-Madison, Francis Bretherton 
Utah State University, Jeffrey McDonnell 
Washington University, Raymond Arvidson 

For further information, contact: 

Donald Johnson (Phone: 608/262-2548) or 
Michael Kalb 

Universities Space Research Association 
4950 Corporate Dr., Suite 100 
Huntsville, AL 35806 USA 
Phone: 205/895-0582 Fax: 205/895-9222 

Earth Systems Science in the 
Liberal Arts Program of The Ohio 
State University 

This is a contribution of Garry McKenzie, Department of 
Geological Sciences at Ohio State Uniwrsity. It is based 
on a paper he presented at a conference on the geosciences 
in the college curriculum sponsored by the American 
Geophysical Union, the National Association of Geology 
Teachers, and the Geological Society of America held in 
Washington, DC, in December 1994. 

Earth Systems Science (ESS) is not a formal program 
or department in the University. The diverse nature 
of the subject and the fragmented structure of a 
university have influenced the development of this 
multidisciplinary subject so that components of it 
are available in several departments. The intro- 
duction to and principal focus for ESS resides in the 
Departments of Geological Sciences and Geography. 
Several courses for seniors cover aspects of Earth 
System Science in other departments. Often these 
courses are linked to a specific faculty member who 
has an interest in global problems. 



ITie Etepartment of Geological Sciences began to 
formalize the Earth System Science approach in the 
late 1980s when our Introductory Geology course 
became Earth Systems I: The Geological Environ- 
ment. At that time of general curriculum reform, the 
Department of Geography developed Earth Systems 
II: the Atmosphere, which served as one of several 
options for a second course in a science sequence. 

The content of Earth Systems I, as with most 
courses, continues to evolve as new concepts, data, 
technology, books, and other teaching materials are 
available. We expect to see a major change in the 
content of Earth Systems I because of the recent 
availability of suitable textbooks on the subject. 

Although these two courses lay the framework for 
our understanding of much of the Geosphere — 
specifically the solid Earth, hydrosphere, atmo- 
sphere, and the paleobiosphere — undergraduates 
are encouraged to gain a deeper understcinding of 
the biosphere in one of the biology courses having 
an ecosystems approach. 

Earth Systems I: Geological Environment. As with 
other introductory courses in the General Education 
Curriculum at OSU, the general goals are to improve 
student understcinding of the principles cmd facts of 
the geological sciences, key events in the history of 
the science, scientific methods cind techniques used 
by the science, cmd the technological, philosophical, 
and social implications of the discoveries in the 
discipline. Specific objectives within Earth Systems I 
are to: 

1. introduce students to the concept of systems 
with flows of energy and matter, and the Earth 
as part of the solar system; 

2. investigate the Earth as a system composed of 
subsystems — solid Earth (sometimes referred 
to as the lithosphere), hydrosphere, atmosphere, 
and biosphere; 

3. improve student understanding of how the 
Earth works, particularly the processes operat- 
ing in and on the solid Earth and the hydro- 
sphere; 

4. interpret the physical and biological history of 
the Earth and the nature of global environmental 
change; and 

5. understand that humans depend on Earth 
resources for life support and are geologic 
agents involved in chemging the geosphere. 
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Topics usually covered in lectures include; Earth in 
space; Earth as a system of subsystems; structure of 
the Earth; materials (minerals, rocks and environ- 
ments of formation); geologic processes both en- 
dogenic and exogenic that shape the Earth's surface; 
rock, hydrologic, and plate tectonic cycles; processes 
as hazards; mineral and water resources; physical 
history of the Earth; history and evolution of life on 
Earth; global change — past and future; and impact 
of human population growth. 

The content of the course is imdergoing revision to 
provide an expanded view of the Earth as a system, 
with less emphasis on the traditional topics of 
physical geology. The current text is Montgomery 
and Dathe (1994) Earth: Then and Now; one text 
under consideration for adoption is Skinner and 
Porter (1995) The Blue Planet: Introduction to Earth 
System Science. The revised format will include 
lecture and labs, both involving practical exercises 
and improved visualization techniques. 

Earth Systems II: Atmospheric Environment. 
Specific objectives of this course given in the Depart- 
ment of Geography are to: 

1. introduce students to the nature of the atmo- 
sphere, weather phenomena, and climate; 

2. investigate the interaction of the atmosphere 
with the hydrosphere and the lithosphere; 

3. discuss atmospheric and human systems 
interaction; and 

4. introduce students to the methodologies and 
tools of atmospheric sciences, and to the inter- 
disciplinary approach. 

Topics usually covered include: composition of the 
atmosphere, global energy budget, temperature, 
humidity, condensation, precipitation, winds, global 
circulation, air masses, severe weather, global 
climates, and climate change. Other topics, some of 
which may be covered in a particular class include: 
climate and landscape processes, global change, 
hydrologic cycle, small-scale human-atmosphere 
interactions, climate and vegetation, and extreme 
events and risk. 

The current text is by Ahrens (1993), Essentials of 
Meteorology: An Invitation to the Atmosphere. The 
course is taught in lecture /recitation format with 
practical exercises and discussions. 



Another option for a sequence after Earth Systems I 
is Geology and The Environment. This course 
provides a deeper understanding of geological 
processes and resources in the Earth system, intro- 
duces the importance of global environmental 
change, and addresses the impact of humans in the 
Earth system. Course content includes the essentials 
of environmental geology from a global environ- 
mental change perspective. Topics include geologic 
hazards (earthquakes, floods, volcanoes, landslides, 
subsidence and coastal processes), geologic re- 
sources (energy, water, metallics, and industrial 
rocks and minerals), management of solid and liquid 
wastes, environmental health, global environmental 
change (climate change, atmospheric pollution, 
biodiversity, etc.), regional planning and the envi- 
ronment, environmental law and global agreements, 
impact of population growth (the human system) on 
the environment, and long-range planning and 
scenarios for the geosystem. The current text is 
Keller (1992) Environmental Geology. 

Together these three courses provide the basic level 
sequence in the Earth System Science curriculum at 
OSU — except for in-depth coverage of the human 
dimensions component of the Earth Systems. 
Although humans are part of the biosphere, the 
impact of humans as geological and biological 
agents is too great to be left as a subdivision of 
biosciences. The human sciences, including political 
sciences, social sciences, economic sciences, and 
health sciences, must be included in the study of the 
Earth System. Although population, politics and 
economics are mentioned in the basic Earth Systems 
courses, a deeper imderstanding comes from various 
"capstone courses" for senior undergraduates 
throughout the university. These courses, designed 
for less than 40 students each, are available in many 
departments and deal with "Issues of the Contem- 
porary World." The nature of two such courses in 
the Departments of Geography and Geological 
Sciences are described below, followed by titles of 
other related courses that are appropriate for a 
student of Earth Systems Science. 

In Geography, the applicable capstone course is 
Integrated Earth Systems. It focuses on atmospheric 
systems with lectures and laboratories. The lectures 
cover global change, systems, carbon and hydrologic 
cycles and greenhouse effect, deforestation, energy 
use, air pollution, meteorological and proxy climate 
records, remote sensing, deforestation, energy use. 
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and human population. The exercises include 
modeling, envi^ronmental insults, global warming, 
world population and the impact of the U.S. Fedei..’ 
Budget on the Earth System. The laboratory compo- 
nent uses the computer program, STELLA II, to 
examine causes and effects of global warming. 

There is no formal capstone course in the Geological 
Sciences; however. Population and Resources in 
Earth Systems — an experimental course — will 
likely be used to fill this niche. As proposed, it will 
include lecture, discussion, and exercise formats. 
Topics include systems, global concerns, biogeo- 
cycles, global change, hazards and population, 
resources and population, biosphere and space 
stations, human systems, human population history, 
controls and carrying capacity, and metaphors and 
views of human population. Exercises will cover 
growth, evidence of environmental change, natural 
hazards, cycles and systems, links in systems, island 
game, concept diagrams, futures. Students will 
prepare a classroom exercise or a report. Although 
there is no adequate textbook for such a course, 
recent papers from journals will be aissembled to use 
as a collection of readings. Several new exercises will 
supplement the available exercises on the topic of 
population. 

There are several examples of advanced courses in 
other departments designed to improve one's 
understanding of Earth Systems Science. They 
include: Antarctic Marine Ecology and Policy 



(Zoology), Problems and Policies in World Popular* 
tion. Food, and Environment (Agricultural Econom- 
ics), and The Prehistory of Environment and 
Climate (Anthropology). 

Additional courses in Geological Sciences at the 
undergraduate level provide greater depth on 
aspects of the Earth System. These include Energy, 
Mineral Resources, and Society, Water Resources, 
and Physical Oceanography and Marine Geology. 
Other courses, at both the undergraduate and 
graduate levels, are offered in the School of Natural 
Resources and in several colleges, and new ones will 
be developed. Currently we are exploring a 2--credit 
hour course on global change to reach those stu- 
dents who would not otherwise get a course in the 
geosciences or in Earth Systems lienee. 

In summary. Earth Systems Science is the study of 
the total Earth and how it works. Professors in 
several science depeirtments at The Ohio State 
University are in ^e process of developing and 
teaching a series of courses that, it is hoped, will 
provide a fuller understanding of the nature of the 
Earth system and its importance to that very small 
Earth subsystem, humans. Such is the basis for 
understanding natural and human-induced global 
and local change. It is our approach to under- 
standing our life-support system — the spaceship 
Earth. In addition to advancing the science of Earth 
Systems Science, through these courses we expect to 
assist also in the education of the public and future 
leaders in business, industry, politics and the arts. 




Eastern Center PIESE participants collecting Ordotneian fossils at Caesar Creek, near 
Cincinnati, OH. 
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A Guide to ESE Curriculum 
Restructure and Implementation 



Introduction 

An Earth Systems Education curriculum implies one 
that is structured around several themes. The first is 
the content of the curriculum as influenced by the 
seven Earth Systems Understandings. These stand as 
long-term goals of student learning. Each compo- 
nent of an ESE program from Kindergarten through 
to the 12th grade should be designed to assist 
students in increasing the specific knowledge that lie 
behind each of these seven broad understandings. 
The major difference from the usual science frame- 
works is the emphasis upon Earth appreciation and 
stewardship, and the inclusion of a broader knowl- 
edge of the nature of science process; those repre- 
sented as the historical and descriptive approaches 
used in studying the various earth systems. 

The second theme is the structure and organization 
of the content of the curriculum. ESE emphasizes an 
interdisciplinary approach, including relevant 
information from each of the science disciplines 
where appropriate in the students' increasing 
understanding of Earth processes. It does not 
structure the curriculum according to the traditional 
science disciplines. In addition, teachers are encour- 
aged to include content from the social sciences, 
language cirts, and art and music where they can 
assist students in understanding Earth processes and 
their relations to these processes. 

The third feature is the use of the organizing prin- 
ciple of the Earth for the entire science curriculum. 
Science is, after all, a study of Earth and its environ- 
ment in space. All socially relevant 
information can be included in the 
curriculum if this focus is kept in mind 
when selecting science concepts and 
principles to include in teaching. If 
science concepts being considered for 
inclu'^ion don't contribute substantially 
to the understanding of the individual 
and his/her relationship to the Earth 
Systems then they should be ques- 



tioned for inclusion in the curriculum. Technology 
therefore, as it is used by the individual, assumes its 
proper place in the science curriculum. Rather than 
simply focusing on how technology is used in 
society and how science contributes to technological 
change, students are helped to understand what 
science can contribute to technology that is socially 
useful, and what the impact of the wide scale use of 
that technology can have upon the health of our 
planet. Technology is considered in the context of 
the Earth system in which it operates, and the 
influences it has upon that system. 

The fourth theme is the encouragement of coopera- 
tive learning climates, as opposed to a competitive 
environment within the classroom. ESE classes are 
usually engaged in some type of cooperative or 
collaborative activity. The teacher is seldom in front 
of the group delivering information. Instead, stu- 
dents are engaged in productive group activity, 
obtaining and shciring information about the prob- 
lem or Earth process under consideration. Assess- 
ment is on an individual basis. A student's grade 
will depend on the extent to which the student 
understands the content of the curriculum, not on 
the comparison of what one student knows with that 
of other students. Such assessments must be authen- 
tic; that is use procedures such as portfolios, rubrics 
and concept maps, not the traditional "end of unit" 
tests. In this style of assessment, students are asked 
to demonstrate their knowledge in a way that they 
will be required to do out in the "real" world, not by 
some contrived "objective" examination using 
multiple choice, true false or other type of artificial 
procedures. 



Figure 1. Earth Systems Education Themes 



Modern Science Content and Process 
Interdisciplinary Structure and Organization 
Earth as the Focus of the Curriculum 
Cooperative Classrooms 
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To implement ESE requires attention to a modern- 
ization of the science content. Helping teachers 
become aware of the modem content and human 
context of ESE has been a major focus of the ESE 
program. Since the content and cxirriculum of 
science differs considerably across grade levels^ a 
possible sequential approach has been outlined to 
demonstrate how ''Earth-systematized" science 
crirriculum might differ by grade level. In general, 
the methods of science would increase in complexity 
with higher grade levels, approaching a goal of 
having students be able to develop simple models 
and perform investigations to test their ideas about 
interrelationships (Figure 2). The locale of the 
science to be studied would generally progress from 
local to global across grade levels, although many 
combinations of global concepts with local examples 
are possible even at very early grades. An innovative 
addition to an Earth-systematized curriculum 
includes attention to values, both in terms of aes- 
thetic expression and recognition of Earth values, 
both of which foster stewardship. The general scope 
and sequence model is shown in the chart below. 

When using such a scope and sequence chart it 
needs to be understood that the specified values, 
methods and locales are not to be limited to the 



particular grade level in which they are specified. 
This level, instead, is to be seen as a locus around 
which each of them are developed. Global issues, for 
example, should be introduced at the elementary 
level, but they should not be the focus of attention 
there. Modelling can be introduced in the middle 
school, but most efforts in using that type of science 
method should be focused at the high sd\ool level 
when students have the proper backgroimd and 
maturity. Likewise those developed at an earlier 
level continue to be used and refined at subse- 
quently higher educational levels. 



Implementation Strategies 

When the teacher goes into the classroom, all the 
content acquisition, context awareness, and grand 
plan for scope and sequence can become secondary 
to the day-to-day need for activities and resources 
to support a systems focus for teaching. This guide 
is designed to provide some of that support, as well 
as ideas for how the curriculum can be restructured 
with ESE as its core. 





Elementary 


Middle School 




High School 


Values 

aesthetic 

stewardship 


awareness 

expression + 


clarification 

expansion 


•f 


evaluation 
de:ision making 


Methods 


sensing + 

collecting 
classifying 
communicating 


investigating 

predicting 

applying 


•f 


experimenting 

modelling 


Locale 


home -f 

community 


State 

national 


•f 


global 



Figure 2. Earth Systems K-12 Scope and Sequence 
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Figure 3. Interrelationships of 
ESE Curriculum Elements 



V^thin the guide, experienced Earth Systems 
educators at all grade levels have provided ex- 
amples of the resources they use to implement ESE. 
Where materials were perfectly suited to ESE *^hey 
have been included intact, courtesy of their origina- 
tors. WTiere materials were exciting but not quite 
inclusive enough to be an exemplar, those materials 
have been modified to demonstrate the process of 
adaptation of activities for infusion. The teachers 
have constructed checklists and evaluation devices 
they used, first to select activities to modify, then to 
identify gaps in those activities, amd finally to assess 
the value of the activities as part of a unit plan. 

This section of the guide relates to the strategies for 
implementing ESE in the classroom. As might be 
expected, when the traditional science curriculum 
paradigm is discarded, traditional science teaching 
strategies should also be scrutinized for their 
appropriateness in the new system. Indeed, in the 
lecture and textbook dominated classroom it is 
unlikely that a systems approach to science can be 
implemented effectively. 

Classroom processes in an Earth systems setting will 
place the responsibility for learning directly on the 
learner. Students will be active participants in their 
education, rather than passive recipients of knowl- 
edge. Moreover, they will be responsible for teaching 
certain concepts to other students, with the idea that 
by sharing what they know, they gain ownership. 









Within the classroom, students will often be working 
in groups, perhaps in a cooperative learning situa- 
tion or a collaborative one, with tasks that relate to 
solving complex questions. This emulates the way 
scientists themselves work, seeking the combined 
skills and knowledge of others and working to- 
gether to reach solutions. 

The students will be using diverse types of informa- 




Figure 4. Relationships Among 
Expanded Curriculum Elements 



tion sources, from current journals and magazines, 
to on-line databases, to CD-ROM information 
systems, to human resources in the conroTiUnity. 
Textbooks will be available as reference texts, but 
they will not control the flow of classroom events. 
There will be no "Outline the chapter and look up 
the definitions of the key words" type of assign- 
ments! Worksheets will ask for open-ended informa- 
tion, evidence of integration of information, and 
demonstration of interactions. 
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In such situations, it is easy to see tliat communica- 
tion skills are critical, from those of the teacher to the 
developing ones of the students, The kinds of 
questions asked by a teacher, for instance, will not be 
'what' questions very often. Instead, they will be 
'how' and 'why' questions, with follow-up of 'have 
you considered/ or 'what about a situation in which,,,/ 
Teacher questions will be challenging but not 
threatening, since the solution to problems or the 
expression of ideas are more likely to be sought 
rather then predetermined ai\swers to set questions 
with the systems approach. 

Student communication skills will be developed 
through their conversations within groups, challeng- 
ing each other to provide the best input to the group 
process, and requiring clear communication to share 
the diverse types of input each contributes to the 
problem-solving situation. Early attei^.pts at such 
communication may be playful and off-task, a phase 
that is typical as groups begin to function together 
for the first time. When the business of answering 
serious questions, exploring unique data forms, 
building an information base composed of each 
person's input becomes a necessity, most students 
will settle into a very responsible pattern of operat- 
ing. Those who deal with group process identify a 
pattern of interactions that may be characterized as 

Griplng^^ 

At the grouping stage, serious conversations within 
the group will draw out a wide range of questions 
about a topic, and numerous irmovative and coop- 
erative ways to approach a problem. It is amazing to 
listen in on group conversations when this stage is 
reached; student communication often demonstrates 
deep thinking and serious attention to task. When 
the students finally grasp the process and attend to 
the business of problem solving, their example could 
be useful to many adult groups! 



Infusion Guide 

Eartli Systems Education is based upon a set of 
seven understandings that are arranged to help 
educators develop activities and units that are 
arranged around the Earth's spheres of the Hydro- 
sphere (water), the Lithosphere (rock), the Biosphere 



(life) and the Atmosphere (air). Within these spheres 
two other spheres have been intertwined. Space, the 
exosphere, has been included within the atmosphere 
while the cryosphere, the world of ice, has been 
included within the hydrosphere. 

Three steps have been identified to help educators 
Earth-systematize their lessons, classroom, and 
teaching style. These steps can be remembered 
through the acronym AIR: 



Awareness 

Infusion 

Restructuring 



Awareness 



Awareness is the first level of understanding in 
Earth Systems Education. In becoming aware of the 
potential of Earth Systems Education, the educator 
begins to understand how the Ecirth systems frame- 
work can be applied to the everyday teaching 
situation and begins the process of empowerment 
over the curriculum. As an educator becomes aware 
of the Earth System concept and its potenti2d use in 
one's own classroom, the importance of integrating 
the sciences, as well as other subject areas within the 
classroom, becomes more obvious. The unique 
structure of the ESE framework provides an easy 
method for integration. 

The second level of Earth systems aweueness is 
when the process of sharing ideas with other educa- 
tors begins. The following list has been generated by 
teachers who have successfully used one or more of 
these suggestions to communicate the value of ESE 
to administrators and other teachers. It is a slow, 
gradual process that is motivated by one's own 
involvement and enthusiasm in Earth Systems 
Education. 

Building Level 

• Share publications about Earth Systems Educa- 
tion. 

• Make spheres and understandings visible (halls, 
lounge, library). 

• Open your room to other teachers for informal 
observation. 

^ 
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• Engage in informal rap sessions. 

• Exchange classroom visitations with other 
teachers. 

• Show a slide presentation at a faculty meeting. 

• Present a mini-lesson workshop, 

• Share your resources; make them visible. 

• Team teach a lesson or unit, 

• Incorporate ESE into your teeim situation. 

• Demonstrate an activity in another classroom. 

• Share ESE with student teachers. 

• Design an ESE poster contest. 

• Plan a field trip for teachers. 

• Use ESE framework for Parent Science Night, 

• Include an ESE "hook" in the course list. 

District Level 

• Take an administrator/ coordinator to lunch. 

• Take an administrator/coordinator on a field 
trip, hike, or bike trail, 

• Make a presentation at a PTA meeting. 

• Make a school board presentation. 

• Write a formed proposal including the rationale 
for your proposal for introducing ESE to your 
district. 

• Obtain letters of support. 

• Give a district-wide teacher/ administrator 
workshop. 

• Present a workshop for credit. 

• Alert local media when you are doing an 
exciting science activity, 

• Send articles to local media. 

• Be a representative on the district science 
curriculum committee, 

• Present at the state or regioma science conven- 
tion. 

• Send students to state-wide workshops. Have 
them incorporate ESE into their presentations to 
other classes. 

• Invite an administrator/coordinator to observe a 
model lesson. 

Infusion 

Infusion is the process in which an educator incor- 
porates activities into an existing repertoire of 
teaching activities. This process follows very closely 
the awareness stage of ESE. As an educator becomes 
aware of the Earth systems and the seven under- 
standings, the next step is to begin to find ways to 
infuse these ideas within a classroom. Often this 
takes the form of an activity that an educator holds 



near and dear and feels comfortable with. The 
following list is a set of criteria that can be used to 
help select appropriate materials to be Earth- 
systematized, In addition we would suggest you 
incorporate the ideas presented in the article entitled 
"What Do I Do with All These Activities?" by 
Brownstein, Rillero, and Feldkamj>-Price which 
follows this guide. 

The activity should be: 

• scientifically correct 

• familiar to you 

• student centered 

• hands on 

• minds on 

• relevant to the concept being taught 

• grade level appropriate 

• appropriate for time and resource limits 

• geographically feasible 

• suitable for integrating with other science/ 
subject areas 

• easily evaluated with possible authentic assess- 
ment 

• supported with background information 

• social skill oriented 

• experiential in its approach 

• designed to be gender neutral 

• multiculturally appropriate 

• designed to help students answer important 
questions 

• developmentally appropriate, and 

• appropriate for use in the development of 
communication skills. 

Once an activity has met most of the above criteria it 
can be Eauth-systematized so that each of the Earth 
Systems Understandings and spheres can be incor- 
porated into the existing high quality activity. 
Infusing the Earth systems into activities is a rather 
simple process which includes the following steps: 

• Select an activity based upon the above criteria. 

• Assess the activity for Earth-systematizing. 

• Develop questions for those of the seven Earth 
Systems Understandings (ESUs) that relate to 
the selected activity. These questions will later 
guide student inquiry. 

• Brainstorm interactions between the Lithosphere 
(rock). Hydrosphere (water). Biosphere (life) and 
Atmosphere (air). 



Vo 
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• Write or rewrite the activity to include more 
spheres and understeindings, and more of the 
learning process elements of ESE, such as 
cooperative learning and experiential learning. 

• Always give credit to the source of the activity. If 
it is copyrighted and you wish to distribute 
copies to students or other teachers, you must 
get permission from the publisher. 

'Earth-systematize' 

The term 'Earth-systematize' was coined to reflect a 
methodology behind the selection of activities that 
reinforced and reflected Earth Systems Understand- 
ings and are arranged using spheres as an organiz- 
ing principle. The term suggests the idea that 
activities used in an Earth Systems approach have 
similar appearances and a methodology that is 
unique. When an activity is Earth-systematized, it 
undergoes a metamorphosis or change. This change 
takes place using the format listed within this 
chapter. To facilitate the user in efforts to infuse an 
activity into the classroom a series of forms have 
been devised. Tliey may be used in a variety of ways 
and require only a small amount of time to com- 
plete. Although it is a goal to include as many 
spheres and understandings as possible into an 
activity, it is important to note that it is not a require- 
ment to have every sphere or understanding repre- 
sented. Regardless of which method is used to 
Earth-systematize the selected activity, the following 
points must be emphasized: 

• activities need to be of high quality for answer- 
ing science questions, 

• activities should lend themselves to integration 
between the traditional science disciplines of 
biology, chemistry, earth science cind physics, 

• some activities should also demonstrate rela- 
tionships to disciplines such as mathematics, 
social sciences, art, and music. 

Infusion steps 

To begin tl^.e process of Earth-systematizing an 
activity, the authors have found the following 
methods to be quite useful. 

Step 1: Complete the Actwity Assessment Guide in as 
much detail as possible. Writing a brief description 
of the activity helps to clarify its objectives. After 
determining the spheres and Earth Systems Under- 
standings (ESUs) already in the activity, engage in a 



brainstorming session with at least one other teacher 
to expand the activity into incorporating other 
spheres and ESUs. The Activity Assessment Guide 
also includes sections for indicating the science 
concents covered (Content Core), and procedures for 
evaluating students outcomes. 

Step 2: Using the Activity Question Development Form 
begin to formulate questions for each ESU to help 
guide both the teacher and student as they proceed 
through the activity. This form is not intended to 
force an educator to write a question for every 
understanding, rather it is intended to facilitate the 
Earth-systematizing of the activity. Activities that 
include multiple ESUs should, however, have 
several questions that help guide the learning. When 
writing questions think of them as educational 
objectives in question format. Avoid questions that 
can be answered yes or no, and those with a defined 
list as an answer. 

Step 3: The Activity Interaction Web is designed to 
facilitate the search for the various interactions 
found within the Earth's subsystems. Interactions 
play a key role in activities being Earth-system- 
atized. The form can be used as a way to check for 
interactions after an activity has been rewritten. The 
diagram is designed to have the educator write in 
and draw arrows between the various Earth systems 
interactions found within the activity. Educators 
who prefer to list interactions may find the bottom 
half of this form quite useful. 

Step 4: The Activity Evaluation Form is simply a way 
for the educator to double check the activity for 
science concepts, science processes, educational 
objectives, and assessment methods needed to 
insure quality in the revised form of the activity. It is 
best used after the activity has been developed and 
pilot tested. 

Restructuring 

Unit Development 

Once an educator has learned to infuse single 
activities into the classroom he or she is ready to 
begin rewriting complete units following the Earth 
Systems framework. This process follows closely the 
steps for infusing individual activities. Unit develop- 
ment should include the following steps: 

71 
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• Select a topic. 

• I>evelop questions using the question develop- 
ment form. 

• Brainstorm interactions within and betw^een the 
Earth's spheres. 

• Brainstorm science concepts, content, and 
processes involved. 

• Select or develop activities that attempt to 
answer the unit questions. 

• Assess each activity using the activity 
infusement forms. 

• Assess the unit for the Earth Systems Under- 
standings and spheres. 

• Fill in the gaps found through using the unit 
assessment form. 

• Restyle activities, if necessary, to fit a coopera- 
tive learning or experiential mode. 

The activity forms can be modified to help develop 
an Earth Systems unit by simply changing the 
Activity title to Unit. Once activities have been 



selected and Earth-systematized, the structure of the 
entire unit can be examined using the Unit Summary 
form that follows the Activity forms at the end of this 
section. An exemplary ESE unit will have materiads 
for all the subsystems and ESUs, will address 
multicultural issues, and will be taught using strate- 
gies that facilitate experiential and cooperative 
learning. The final step in developing an ESE unit is: 

• Assess the unit for ESUs. and Earth systems 
spheres. 

• Assess the unit for possible inclusion of 
multicultural issu* 

• Ensure that you've included experiential or 
cooperative learning approaches in the unit. 

• Fill in any gaps found within the unit. 




Row Armstrong, Associate Director of the Eastern PLESE Center, discusses a display of Ordovician fossils at 
Caesar Creek lake with participants. 
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Forms for Activity and Unit Development 

ACTIVITY ASSESSMENT GUIDE 

1 . Title of activity: 

2. Write a brief description of the activity. What is its purpose and goal? 



3. Circle the system(s) addressed in the activity. 

Life Water Air Rock 

4. Circle the understandings that are in the activity. 

1 2 3 4 5 6 7 

5. Brainstorm a list of possible ex^nsions or activities that might incorporate the understanding not 
addressed in this activity. 



Science Content Core 



Evaluation Procedures for Activity 
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ACTIVITY ESU QUESTION DEVELOPMENT 

Activity Title: 

Activity Focus Question: 

Undersianding #I : Earth is unique, a planet of rare beauty and great value. 

Question: 

Question: 

Understanding #2: Human activities, collective and individual, conscious and inadvertent, affect 
Earth systems. 

Question: 

Question: 

Understanding #3: The development of scientific, thinking and technology increases our ability to understand 
and utilize Earth and space. 

Question: 

Question: 

Understanding #4: The Earth system is composed of interacting subsystems of water, rock, ice, air, and life. 

Question: 

Question: 

Understanding #5: Planet Earth is more than 4 billion years old and its subsystems are continually evolving. 

Question: 

Question: 

Understanding #6 : Earth is a small subsystem of a solar system within the vast and ancient universe. 

Question: - 

Question: 

Understanding #7: There are mr. *y people with careers that involve study of Earth's origin, processes, and 
evolution. 



Question: 



i 1 



Question: 
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ACnVITY E^JTERACTION WEB 



Hydrosphere Biosphere 




Lithosphere affects Biosphere 

1 . 

2 . 

3 . 

4 . 

5 . 

Hydrosphere affects Biosphere 

1 . 

2 . 

3 . 

4 . 

5 . 

Biosphere affects Lithosphere 

1 . 

2 . 

3 . 

4 . 

5 . 

Atmosphere affects Biosphere 

1 . 

2 . 

3 . 

4 . 

5 . 



Lithosphere affects Atmosphere 

1 . 

2 . 

3 . 

4 . 

5 . 

Hydrosphere affects Atmosphere 

1 . 

2 . 

3 . 

4 . 

5 . 

Biosphere affects Atmosphere 
1 . 

2 . 

3 . 

4 . 

5 . 

Astmosphere affects Lithosphere 

1 . 

2 . 

3 . 

4 . 

5 . 



Lithosphere affects Hydropshere 

1 . 

2 . 

3 . 

4 . 

5 . 

Hydrosphere affects Lithosphere 

1 . 

2 . 

3 . 

4 . 

5 . 

Biosphere refects Hydrosphere 

1 . 

2 . 

3 . 

4 . 

5 . 

Atmosphere affects Hydrosphere 

1 . 

2 . 

3 . 

4 . 

5 . 
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ACTIVITY EVALUATION FORM 



Activity Title; 

Activity Focus Question(s) (one for each part): 



Science Concepts (list major science concepts in this activity): 



Process(es) Included: 

Sensing 

Collecting 

Classifying 



Approaches Used: 

Inquiry 

Integration 

Teacher Facilitated 



Locale: 



Local 



Investigating Communicating 

Predicting Experimenting 

Applying Modeling 



Outdoor Based Multiple Learning Styles 

Multicultural Collaborative Learning 

Technology 



State 



National Global 



Earth System Understandings (ESUs) (list numbers): 



Science Objectives: 



Evaluation Procedures: 





r 
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UNIT SUMMARY FORM 



Unit Name: 

Unit Question: — 

Use this chart to identify which systems and understandings eire present in the unit. Circle the systems and 
understandings present in each activity. Use the resulting information to develop student centered activities 
that will address the weaknesses found in the unit. 



Activity Name 





Systems 




Understandings 


Air 


Life 


Rock 


Water 


1234567 


Air 


Life 


Rock 


Water 


1234567 


Air 


Life 


Rock 


Water 


1234567 


Air 


Life 


Rock 


Water 


1234567 


Air 


Life 


Rock 


Water 


1234567 


Air 


Life 


Rock 


Water 


1 2 3 4 5 6 7 


Air 


Life 


Rock 


Water 


1 2 3 4 5 6 7 


Air 


Life 


Rock 


Water 


1234567 



Instruction or Learning Procedures 

Determine the approximate proportion of class time spent in each of the following modes: 

Cooperative learning 

Other group learning activities 

Experiential leeinung 

Outdoor or field experiences 

Other Learning and Teaching Modes (list) 



Evaluation Procedure for Unit 



/ i 
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A High School Example: Inhjsing Earth Systems Understandings 
INTO Restructured Chemistry and Physics Courses 



Suggestions 

The process of restructuring science curriculum at 
the high school level presents various hurdles to 
overcome to achieve success. These hurdles are 
especially high for the physics and chemistry 
courses often seen as the elite courses in science and 
therefore the ones that are crucial for successful 
college entrance and subsequent career success. 
Several of the major hurdles are: 

• obtaining the support of colleagues, administra- 
tion, school board, and parents; many of whom 
achieved success in these courses 

• determining how restructure fits in with college 
or university entrance requirements 

• educating appropriate personnel (counselors, 
administrators, etc.) so that students are not 
confused about the appropriateness of choosing 
Earth Systems courses as a lab classes rather 
than traditional courses 

• convincing people that this program is more 
than just a substitute for the school's lower track 
science courses — that it is appropriate for all 
levels 

• bridging the chasm between teacher directed, 
content oriented teaching approaches and 
student directed, process oriented learning — 
that is, breaking the paradigm that high school 
teaching is best done by lecture and teacher 
directed lab experiences 

• informing post secondary institutions about 
Earth Systems Education so that courses are 
recognized as appropriate prerequisites for 
admission to such institutions 

• discipline related concepts in an Earth Systems 
approach 

To overcome such hurdles you will need to enlist the 
support of sympathetic administrators and counse- 
lors. They can identify sources of information and 
useful strategies and take some of the load off of the 
shoulders of teachers in effecting change. 

Developing lessons that follow the Earth Systems 
model takes large amounts of time. Mcmy high 
school teachers find the task overwhelming. Attack- 
ing it in smaller increments (e.g. a unit at a time). 



enlisting other science teachers and those in other 
disciplines to help develop lessons that cross cur- 
ricula, and coordinating resources found inside and 
outside school are key strategies to consider. You 
should also initiate efforts to find funding that can 
release teachers to work on the development of 
materials. Larger school systems will often have an 
administrator charged with developing proposals 
and seeking grants from outside agencies, such as 
state and federal agencies cind private foundations. 

A local or state university can also often assist in this 
effort. Science or science education professors can 
help in securing funds for teacher enhancement 
activities that also result in the development of new 
curricula. 



To get your thinking started as to how you can begin 
to change your chemistry and physics courses to 
reflect the ESE approach the following two scenarios 
have been developed by several chemistry and 
physics teachers. 




vs 



BEST COPY AVAILABLE 
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Chemistry Scenario 

Earth Systems Education and Chemistry have many 
interconnections. Much of the history of Chemistry 
stems from trying to solve problems related to our 
environment, how to isolate, purify or reproduce a 
particular substance, how to locate and extract a 
needed element or compound from a mineral, etc. 

As such, teac hing Chemistry from an Earth Systems 
approach seems logical. Tbie following three ex- 
amples show how Earth Systems questions and 
Earth materials can be used to teach key Chemistry 
concepts. 

1* How Cam We DinnEREMTUtc 
AND CkMIPbUNOS USMO EAflTH^S 

Concepts to be taught: 

• physical properties 

• substances 

pure 

impure 

• homogeneous 

• heterogeneous 

• mixtures 

• elements 

• compounds 

Possible approach to learning: 

Obtain various samples of rocks and minerals. Have 
students examine them for similarities and differ- 
ences and attempt to classify them based on their 
own derived categories. Have students discuss their 
findings and compare the various ways different 
groups of students classified their samples. Then 
have students sort through the samples based on a 
chemist's approach to substance classification and 
compare this classification with their own methods. 

2, How Does One Distinquish One Mineral Or Rock 
FROM Another? 

Concepts to be taught: 

• physical properties (intrinsic and ext rinsic): 
density , cleavage, color, luster, streak, hardness, 
specific gravity, crystal shape 

• chemical properties 

• significant figures in measurement 



Use the same samples of rocks and minerals to 
measure physical properties and to determine 
chemical properties. Challenge students to come up 
with their own explanations as to why rocks with 
the same collection of minerals appeeu: so different 
and have different Jiames. 




Concepts to be taught: 

• element names and symbols 

• compounds 

naming 

classifying: silicates, oxides, sulfides, 
carbonates, sulfates, phosphates 

• chemical reactions 

salt formation 
solutions and properties 

• states of matter 

temperature 

pressure 

crystallization 

evaporation 

• separation techniques 

Possible a pproach to learning: 

Make saturated solutions and let evaporate to 
crystallize. Compare crystal structures. Perform 
various reactions (single and double replacement, 
synthesis, and decomposition) and relate to the 
formation of different minerals. Attempt to sepa- 
rate a rock into its various components or combine 
various substances to form a rock-like mixture. 

Physics Scenario 

Physics has many concepts applicable to the Earth: 
radiation, flow rates, planetary movement, light 
waves, longitudinal and transverse waves associated 
with earthquakes, provide just a few examples. 

Some typical Physics topics have been illustrated 
below using an Earth Systems approach. These 
examples are certciinly not exhaustive of Physics 
concepts, but arc noted as ways to use Earth Systems 
in Physics. 



Possible a pproach to learning: 









Concepts to be taught: 

• heat 

• boiling point 

• calorie 

• coefficient of cubic expansion 

• conduction 

• heat transfer 

• thermal energy 

• law of heat exchange 

• insulation 

• joule 

• kilo calorie 

Possible a pproach to learning: 

Use cooperative learning and divide students into 
groups to study geothermal heating. Students 
should investigate how geothermal heating works, 
where the energy ultimately comes from, the envi- 
ronmental haz2irds and benefits of geothermeil 
heating, etc. Studies of geysers, hot springs, and 
other naturally occurring forms of heating should be 
compared. Challenge students to decide on the best 
geothermal heating device to heat a typical home 
using the least amount of alternative forms of 
energy. Have students compare costs of heating the 
home using gas, electric, and geothermeil sources. 
Students can form review panels to advise role- 
playing potential home buyers which form of 
heating is best. Students could also produce pam- 
phlets advertising the various forms of energy. 
Related topics could range from reacticns that 
produce the sun's energy to the energy produced by 
the Earth's interior. 

Pbssi. ANO-iro 

Concepts to be taught: 

• radioactivity 

• radioactive dating 

• half-life 

• nuclear reactions 

• convection — regarding movemenl; of plates 

• radiation 

• magnetic fields 

• electromagnetic waves 

Possible approach to learning: 



Conduct simulated experiments on radioactive half- 
life, graphing the functions of time and number of 
remaining particles. Divide students into groups to 
investigate the various types of radioactive dating 
techniques being used today and then form a panel 
discussion of "experts" who will use the knowledge 
gained to determine the age of a particul2ir rock 
formation. Possible discussions could include the 
concepts described above and should correlate to 
methods of dating using magnetic pole reversals. 









Concepts to be taught: 



• center of mass 

• gravity 

• point of suspension 

• erosion rates 

• force of impact 



Possible approach to learning: 

Show students a picture of a balanced rock or 
boulder that is being slowly undercut by wind or 
water. Challenge them to determine the size of the 
rock (given scaling), the mass of the rock (deter- 
mined from measurements of density of a smaller 
sample of the same type of rock) and the approxi- 
mate location of the center of mass. If given perti- 
nent data such as the height of the rock and the rate 
of undercutting, students can estimate the time it 
will take for the rock to be undercut enough to fall. 



Summary 

These are some modest suggestions on how to get 
started infusing an Earth Systems approach into 
chemistry and physics curricula. One of the most 
important first steps would be to evaluate current 
textbooks and consider changing to one that is more 
supportive of an Earth Systems approach. Two that 
come to mind are Chemistry in the Community 
developed by the American Chemical Society, and 
Conceptual Physics written by Philip Hewett. Both 
depart from the traditioneil academic approach to 
their subjects. It would be relatively easy to develop 
Earth Systems oriented courses by supplementing 
these two texts with appropriate materials. 
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Choosing Science Activities for Your Classroom 



What Do I Do with All 
These Activities? 



ERICA M. BROWNSTEiN 
PETER RILLERO 
BETSY FELDKAMP-PRICE 



W ith the thousands of science aaivities 
available, how docs a teacher selea 
the ones that are appropriate for his 
or her classroom? Many teachers use 
a trial-and-error approach, but some 
of the most produaive teachers use 
effeaivc strategies for choosing good aaivities. To aid 
educators in this selection process, we have created a 
set of guidelines for choosing science aaivities. These 
guidelines were produced through a synthesis of 
learning-theory literature, our own experiences, con- 
versations with inservicc teachers, and interviews 
with preservice teachers. 

In the relevant literature, many articles address spe- 
cific items to consider when choosing an activity, but 
there does not seem to be an overarching approach. In 
this article, we provide these specific items in a single 
protocol throu^ the Science Activity Filter (SAF; see 
figure). No one of the preservice teachers we inter- 
viewed mentioned all the components of the SAF, but 
each category was offered in at least one interview. 

The SAF has six categories for determining the ap- 
propriateness of an aaivity ; they are as follows. 

• Is the activity safe? 

• Does the aaivity stimulate meaningful learning? 



EBICA M. BROWNSTEIN Is the assistant program director 
at the National Center for Science Teaching and Leamir^ 
at The Ohio State University In Columbus, Ohio. 

PETER RILLERO is a science education analyst at the 
ERIC Center for Science, Mathematics, and Environmen- 
tal Education In Columbus, Ohio. 

BETSY FELDKAMP-PRICE is a doctoral candidate in the 
Department of Education Theory and Practice at The Ohio 
State University. 




The guidelines of the Science Activity Fiber. The order of 
the guidelines provides a useful prt^ocol for evaluating 
science activities for dieir value In the classroom. 



• Is the time needed for the aaivity balanced by the 
amount of student learning? 

• Is the cost of the activity balanced by the amount of 
student learning? 

• Is the level of difficulty appropriate for the stu- 
dents? 

• Docs the activity work? 

The SAF enables a classroom tt*acher to sort through 
a variety of available science aaivities and determine 
appropriate ones. Many teachers might assume that 
published activities are effeaivc in developing think- 
ing skills, but this is not always the case (Shepardson 
1993). The burden ofrjekaion should rest with the 



Reprinted with permission from Heldref Publications, Winter 1994, from Science AchviHes. 



Peter Rillcro 
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educator, and the SAF guidelines can be an effective 
aid in this process. The use of reliable, leachcr-based 
sources, such as those found in Science Activities, Sci- 
ence and Children, and The Science Teacher, c'an also 
make selcaion easier, 

VtTiai follows is a discussion of the SAF and an illus- 
tration of its effectiveness in choosing science activi- 
ties. Some sample activities are filtered out when using 
the SAF, whereas others pass through. A few of the un- 
suitable ones czn be modified to enable thc*m to pass 
the guidelines. It is important to stress that there are 
very few activities that are perfect for everyone or 
every situation. For example, some safety issues are 
highly context dependent, as we will demonstrate in 
the following section. 

Is the Activity Safe? 

Safety should be the foremost consideration when 
choosing a science activity. The fact that an activity 
appears in a published work is no guarantee of its safe- 
ty for classroom use (Manning and Newman 1986). For 
example, a hotplate may be required during an activity 
in which Benedict’s solution is used to test for glu- 
cose. This activity could be safe in a classroom that has 
volunteers to assist the students in the procedures, but 
it w'ould not be safe in a classroom without assistants. 

The placement of the safety precautions within a 
published activity is important, as well. Anderson, 
Beck, and West (1992) noted that sometimes a given 
safety instruction is positioned after the relevant pro- 
cedure. For instance, in one published activity they ex- 
amined. a student is directed to insert glass tubing into 
a rubber stopper and warned in the next step to use 
glycerin and a towel while inserting the tubing to min- 
imize the danger of breaking the tubing and getting 
cut. Safety warnings need to be given before instruc- 
tions for performing an activity, as most students do 
not read ahead. 

Does the Activity Stimulate Meaningful Learning? 

After an activity has been judged safe, the next logi- 
cal step is to evaluate the degree of meaningful learn- 
ing that the activity is likely to impart. As Padilla 
noted, “Without meaningful aaivitics. science be- 
comes just one more verbal learning experience" 
(1981). Activities should allow studctits to construct 
thc4r own knowledge and build on previous experi- 
cticc^s. For meaningful learning to occur, scictice ac- 
tivities should fit within the students’ \cvc\ of cognitive 
development and be relevant and useful. 

One published activit> asks children to construct 
and use a salt-and-fiour-paste volcano (Tolman and 
Morton 1986). A funnel is buried in the middle of the 
volcano with a rubber hose extending out the side. 
The children then fill the hole with putfed cereal, 
blow air through the hose, and wateh the cere*td tly. 
The activity kec*ps the students (and the janitor) busy. 



but any conclusions that the students construct will 
probably lead to misconceptions. It is not air that 
pushes lava out of a volcano. The cereal blown out ac- 
curately represents neither the flow of lava nor the 
characteristics of an ashfall. 

Another aaivity, suggested for preschool children, 
recommends explaining both the change of seasons 
and the process of night and day in one continuous 
lesson (Harlan 1992). Although both of the^e abstract 
concepts represent natural cycles, they have sciendf- 
ically different explanations that are beyond the abili- 
ties of the average preschooler. Activities should be 
matched to the developmental level of the students. 
Meaningful learning need not be limited to the cog- 
nitive domain: Psychomotor and affective objectives 
are also important goals. The ability to manipulate sci- 
ence apparatas is an important psychomotor objec- 
tive, and students’ enjoyment and valuation of science 
are important affective goals. When choosing an ac- 
tivity, Barry, a preservice teacher we interview^ed, 
stated that children’s interests should be considered — 
“The students should like and be enthusiastic” about 
an aaivity. 

Is the Time Needed for the Activity Balanced 
by the Amount of Student Learning? 

If the aaivity has passed the safety and meaningful- 
learning criteria, then the educator must next consider 
the time/learning balance (RutheiTord IS>93; Teters 
and Gabel 1984). Kara, a preservice teacher, said “Be- 
cause there is a constraint on time available, aaivities 
may need to be modified to [adjust for) limitations,” 
Each activity should be evaluated for how much stu- 
dent and teacher time it takes up. Is the time con- 
sumed :n balance with the value of the learning expe- 
rience? 

Some projeas are very labor intensive. At times, the 
science principle can be buried if the activity is too 
elaborate. For example, one activity that we found re- 
quires the students to make a model of a space shuttle 
(Vogt 1991), The children construct the frame from 
egg cartons, cardboard, tape, and glue; cover it with 
papier mache. and then paint the model. An ele- 
mentary Montessori class took four hours to construa 
the shuttle. This did not include the time needed for 
the shuttle to dry. Although the shuttle may be fun to 
create, some educators may not have the classroom 
time to use it as written. An adaptation of the project 
may include assigning the project to be completed at 
home. Then the teacher can meet her classroom objec- 
tives within the limited available class time. 

Not just student or class time should be used effi- 
ciently— tcicher time should be used effeaively as 
well. It is important, when evaluating an activity, to 
determine how much preparatory time is required of 
the teacher. The issue is once again one ot balance, 
with the teacher measuring how much time is avail- 
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able and comparing that to the potential learning out* 
comes of the activity. One published activity encour- 
ages students to make spider webs (Beck 1992), To 
prepare for this activity, the teacher has to assemble a 
large frame structure for the students to create spider 
webs on. Although this activity encouragt*s problem- 
solving skills, a teacher has to decide if he or she has 
l! time to assemble the necessary equipn^ent. 

Another time question to consider is: Uoes the ac- 
tivity keep the students busier than the facilitator? If a 
teacher’s time is monopolized in material-management 
tasks, then she or he may not be able to help students 
construct their own learning experiences. 

Is the Cost of the Activity Balanced by the 
Amount of Student Learning? 

If the above criteria have been satisfied, then the 
next important factor to consider is cost compared 
with learning potential. One preser\ ice teacher named 
Sarah noted, ‘Tt should not be too expensive to buy 
the materials needed, unites it is a long-term 
purchase.” Balancing cost and student learning is uni- 
que for each teacher because budgets vary from school 
to school. Economic considerations have to be weigh- 
ed to determine if the school or the teacher is willing 
to pay for the activity. An interpretation of an acti\ity 
requires that the cost be balanced with the benefits of 
learning. 

An expensive activity is not always necessary to 
achieve useful results. For example, students .nay wish 
to examine the parts of an insect. Although a diss'^c- 
ting microscope would be ideal, a simple magnifying 
glass will often suffice. Each professional should 
v/eigh the monetary costs against the instructional ob- 
jectives. 

Is the Level of Difficuity 
Appropriate for the Students? 

Having passed an activity up to this point, it is now 
necessary to consider the level of difficulty in relation 
to the age and abilities of ^ our students. Is the activity 
too complex or tedious for the students? If an activity 
bogs students down in details, they will likely feel that 
the end result is meaningless or trivial (Thorndike 
1920). For example, performing titration experiments 
to determine the acidity of a solution can be exciting, 
but if a young student has to make many precise me^as- 
urements, the excitement may be lost. The teacher 
should cater the precision of the results to the age- and 
ability -level of the children. 

Are the skills required too difficult for the students? 
A microscale activity that uses small pieces of equip- 
ment and tiny amounts of chemica*; to demonstrate 
pH is not appropriate for children who do not possess 
the motor skills necessary to perform the procedure. 
Instead, an educator may use common ittins such as 
oranges, vinegar, and milk. 



Does the Science Activity Work? 

If the activity has made it through the first five 
points of the SAF, the final and most time<onsuming 
evaluation is deciding whether the aaivity does what 
it professes to do. The best way to find out if an activi- 
ty works is to try it. We have found that some pub- 
lished activities simply do not work, and we suggest 
that all aaivities be tried before they are used in the 
classroom. Their effeaiveness may not be at all appar- 
ent from the printed directions. For example, one pub- 
lished example offers instructions for creating an alu- 
minum-foil-covered umbrella to improve the recep- 
tion of a radio. WTien the experiment was tried, no dif- 
ference in radio reception was found. Experts who 
were consultt*d to explain this failure stated that the 
umbrella w'ould have to measure thirty meters across 
to produce an improvement in reception! 

The SAF puts this criterion last bec'ause by this time 
many activities should have been filtered out accor- 
ding to the previous criteria. If an activity does fail to 
w ork when tested, it may not be a total loss. Failure 
may be due to poor activity design, faulty equipment, 
or impotent chemicals, Wlien an activity does not 
work, the teacher can look for help from a convenient 
source, such as another teacher, a professional journal, 
a member of the district science education office, or a 
scientist. 

Final Thoughts 

Even the best activities need to be evaluated and 
modified by each teacher for particular teaching situa- 
tions, Finding an interesting activity and then having 
to filter it out is not a failure. Many aaivities need to 
be considertxi before the excellent ones are discovered. 
Experienced science teachers build up stores of effec- 
tive activities 

A teacher can also use the SAF guideline's as a frame- 
w’ork for modification of activities. Preservice teach- 
ers in our classrooms use the SAF to adapt activitic'S for 
particular age groups. At first, it is a time-consuming 
task, but after a few trials, the future educators are able 
to pick up an activity for any age and easily adapt it to 
their students’ abilities. This demonstrates that whe*n 
an aaivity does not make it through the filter, it often 
can be altered by the professional classroom tc*acher. 

Our experience shows that the six guidelines of the 
Science Activity Filter are useful in weeding out poten- 
tially inappropriate activitte. Any activity considered 
for classroom use needs to be evaluated for safety, 
meaningful learning, time/1 teaming balance, cost/learn- 
ing balance, level of difficulty, and feasability. Choos- 
ing the best classroom science activities w’ill help use 
resources effectively, minimize discipline and safety 
problems, and maximize learning, 
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Teaching Approaches in an 
Earth Systems Classroom 



This section is based largely on an article entitled "Constructixnst Approaches to Teaching" originally written for the 
guide by Charlene M. Czemiak of the University of Toledo. At the end of the section you will find a series of articles on 
alternative assessment practices that are reprinted from an issue of Science Scope published by the National Science 
Teachers Association. 



As science teachers, we are all concerned with 
helping students learn new knowledge and skills 
related to the Earth's systems. Learning, however, is 
a complex event, and foding the most effective way 
to help children learn is the essence of what makes a 
good teacher. David Ausubel (1968), an educational 
psychologist, stated that, "The most important 
single factor influencing learning is what the learner 
already knows." Joseph Novak and Bob Gowin, 
professors at Cornell University, stress that a pri- 
mary concept in Ausubel's theory is meaningful 
leanung. That is, in order for learning to be mean- 
ingful (as opposed to rote memorization), students 
mnst choose to relate new knowledge to relevai\t 
concepts they already know. This might require 
learning information, or perhaps unlearning some 
information and restructuring new knowledge. 

Recently, a term "constructivism" has been used to 
explain what happens as childreri learn. According 
to Constructivist theory, knowledge is constructed 
by the learner based upon his or her experiences in 
the world. When the learner is dissatisfied with his 
or her current conceptions of the world, she/he 
must adapt understandings in order to make sense 
of the world. This transition in conceptual under- 
standing can only be made by the student. However, 
conceptual change is facilitated when the student 
interacts with others, discusses new ideas, explores 
hands-on materials, and relates this new knowledge 
to pre-existing imderstandings about the world. The 
teacher can use a variety of instructional strategies 
to help facilitate conceptual change and understand- 
ing. As you might suspect, traditional methods of 
evaluation are not consistent with measuring 
conceptual change. In this section, we will explore 
strategies for assessing prior knowledge, instruc- 
tional techniques that facilitate conceptual change, 
and methods of evaluation that are compatible with 
Constructivist teaching. • 



Assessing Prior Knowledge 

There are many ways that a teacher can eissess 
students' prior knowledge. These can vary from 
traditional pretest measures such cis pencil and 
paper tests to observations made of students in the 
classroom. Regardless of the method used, the 
primary goal is to determine what students already 
know and where they may have alternative con- 
ceptions or misconceptions (conceptions that are not 
consistent with those accepted by scientists) about 
scientific knowledge. For example, a young child 
may believe that leaves cause wind because every 
time the wind is blowing, leaves on the trees are 
moving. An older student might believe that blood 
is blue because it looks blue when one sees the veins 
on the arms or legs. Three useful methods for 
determining prior knowledge and possible miscon- 
ceptions are described below. 

One of the simplest ways to determine prior know- 
ledge is to observe and talk with students. As you 
teach and assist students, take the time to carefully 
observe their actions. Question students about their 
choices and reasons for actions. Record anecdotal 
notes in a notebook or portfolio for each student or 
develop a checklist to record the knowledge and 
skills you are observing. For example, imagine that 
you are teaching students about earthquakes. You 
might engage students in a hands-on investigation 
where they make clay models of faults. They might 
push and move the clay to investigate the effect on 
toy buildings as shifts occur along the moving fault 
lines. As a student moves the model, you can ask 
questions about the effect on the buildings, pose 
i^rther questions about moving the clay in different 
ways, and determine whether the student under- 
stands how earthquakes occur. At a convenient 
moment, record notes about the individual's under- 
standings that might affect future instruction. 




&The Ohio State University Research Foundation, 1995 
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Another excunple might include a checklist. Imagine 
the same lesson. You could move about your class- 
room with a checklist and class roster and record 
which students have partifiilar understandings. 

One technique commonly used by reading educators 
to develop a purpose for reading is called the KWL 
Model (Ogle, 1986). In this model, students are first 
asked to list what they know (K) about a particular 
topic before they read about it. Then, they identify 
what they want to know (W) about the topic. After 
reading, they analyze what they have learned (L). 
This technique is also effective in science classrooms 
to determine prior knowledge and guide instruction. 
Before teaching a particular concept, ask students to 
make three columns on a sheet of paper. Title the 
first column "Know," the second column "Want to 
Know," and the third column "Learned." Provide 
students time to list what they know about the topic 
and what they want to learn. Collect and analyze the 
list for prior understanding and possible misunder- 
standings. For example, you may have planned to 
teach about the nine planets in our Solar System, but 
you find that the students already know this. As a . 
result, you can move forward with your instruction 
to another concept. On the other hand, you might 
find that most students were not aware of comets 
and wanted to know more about the possibility of 
one strikinjg Earth. Now, you can plan your instruc- 
tion around the students' interests. You may also 
have discovered that students have major misunder- 
standings about comets striking the Earth, and they 
do not understand that most comets that strike the 
Earth are burned up in the atmosphere before they 
ever reach the ground. This imsconception can be 
addressed as well. 

Finally, a third technique that we recommend to 
assess prior knowledge is concept mapping. Joseph 
Novak, a professor at Cornell, created the concept 
map as a tool to examine the changes in conceptual 
learning (Novak and Gowin, 1984). Concept maps 
are visual representations of the relationships the 
concepts have with one another. On a typical con- 
cept map, each concept word is enclosed by an oval, 
circle, or rectangle and the concepts are connected 
by lines and linking words. Together, the Faking 
words and concepts form a network. The relation- 
ships between concepts are hieran hical — the more 
general concepts (super ordinate) are located toward 
the top of the hierarchy and the more specific con- 
cepts (subordinate) are located below in the degree 



of their generality. Cross-links are formed to show 
the interrelationships between the concepts included 
on the map. Connections between concepts can be 
linear, as well as horizontal. Meaningful learning 
occurs when a learner can connect or link new ideas 
or experiences with existing ones. Since the inven- 
tion of the concept map, there has been an explosion 
of research on the topic. Concept mapping is now 
used in different ways in education. Educators use 
concept mapping as: 

• a tool to assess students' prior knowledge 

• as a method of exploring changes in meeiningful 
frcimeworks 

• as a thinking strategy to help students learn how 
to learn 

• as a tool to improve conceptual learning by 
organizing incoming information 

• as an assessr^^ent and evaluation technique 

• as a teacher's aid in planning and instructioneil 
design. 

It is the first use that we suggest here: using concept 
mapping to help determine students' prior knowl- 
edge. 

Imagine that you want to teach about energy in our 
Earth Systems and you want to determine what 
students already know about energy. Students will 
need to have some instruction and practice on 
creating concept maps. However, cifter they know 
how to construct a concept map, the map can be 
used to help determine their prior knowledge on a 
topic. Pictured below is a sample map of a student's 
understanding of energy. 



Energy 
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Analyze the student's map above. What imder- 
standings are correct? Which are incorrect? What 
might you do as a teacher to facilitate the students' 
construction of knowledge about energy in the 
Earth's Systems? As you can see^ this method helps 
determine what students know and assists with 
instructional planning. You can choose curriculum 
and instructional techniques that will facilitate 
conceptual chcinge. In the next section, we will 
explore some tedmiques 'hat are useful in facilitat- 
ing conceptual change. For more information about 
concept mapping, see the article at the end of this 
section entitled "Mapping out Student's Abilities" 
reprinted from Science Scope. 



Instructional Techniques that 
Facilitate Conceptual Change 



From a Constructivist perspective, meaningful 
learning is about conceptual change. A variety of 
instructional strategies and techmques can help 
facilitate a student's construction of knowledge. The 



way that the teacher organizes the lesson and 
structures groups can make a big difference in the 
amount of quality time students get to explore their 
understandings, integrate new knowledge with 
prior imderstandings, or replace inadequate ideas 
that no longer fit with their current imderstandings. 
In this section, we will discuss two ideas — the 
learning cycle (an instructional technique that encour- 
ages exploration of ideas and integration of new 
knowledge with prior understandings) and coopera- 
tive learning techniques (Which facilitates dialogue 
among students that encourages their exploration of 



their ideas). 



Learning Cycle 



One model for teaching that allows students to have 
the types of experiences called for in Constructivist 
theory is called the learning cycle. The learning cycle 
is a three-phase model for teaching students, 
developed by Robert Karplus, a professor of physics 
from the University of C^omia at Berkeley who 



worked on the Science Curriculum Improvement 
Study (SCIS). It is based upon the belief that stu- 
dents need to explore a concept to be learned using 
real materials. The teacher can then help them 



"invent" the concept by relating the student's 
explorations with the Imowledge that was to be 
learned from the exploration. Finally, the teacher 
can provide opportunities for the student to apply 
the concept to a new situation or further explore the 
concept. 

Exploration Stage 

In the exploration stage, students are allowed time 
to create knowledge and understanding of a con- 
cept. We have ali had instances where, as students, 
we memorized something that had little meaning to 
us. Perhaps we memorized the words to a song in a 
school play or we may have memorized vocabulary 
words for a test. Did we really understand these? 
Students sometimes encounter concepts that are 
totally foreign to them in science. Unless they have 
the opportunity to explore the concept, develop 
understanding of it, put words to it, and expand 
upon it, it will, have Uttle real meaning. 

Imagine a child about the age of six or seven who is 
learning about light and shadows. Given a flash- 
light, a mirror, various t3q>e of materials including 
transparent sheets of colored plastic, paper, alum- 
inum foil, clear plastic, and a piece of wood, the 
child explores light and shadows. She shines the 
light onto the mirror and discovers that the light is 
reflected the opposite direction of where the light hit 
the mirror. She is confused about this and tries it 
several times. After several tries, she also discovers 
that the light not only bounces the opposite direction 
but at the same angle that it was placed toward the 
mirror. She looks at some writing in a mirror and 
notices that the writing looks backwards. She begins 
to make faces in the mirror, touch her left ear, then 
her right trying to figure out if she is backwards in 
the mirror! She discovers tiiat light can pass through 
some objects and not others- When the flashlight is 
shined onto a solid (opaque) object, a shadow is 
formed. However, the transparent (totally clear 
objects that allow light to pass through and give a 
clear view of objects on the other side) and trans- 
lucent (objects that let light through but things are 
not seen clearly on the other side) objects do not cast 
shadows. 

Contrast this child exploring light and shadows with 
real objects to the child who is told by a teacher the 
definitions of reflection, shadows, opaque, trans- 
lucent, and transparent. Does the cMd have any real 
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understanding of the concepts this way? No. This 
child has a set of rather meaningless words and no 
real understanding of what they mean. Unless child- 
ren have had prior experiences with concepts that 
they can recall, they will not really understand the 
concept. Therefore, the central purpose of the explor- 
ation phase of the learning cycle is to allow the child 
to construct knowledge and assimilate new concepts 
into those learned from previous experiences. 

Concept Invention 

In the concept invention stage, the teacher discusses 
and provides formal instruction about the concept 
putting words to the understandings the students 
created. In the light and shadow lesson described 
above, the teacher who is teaching this lesson might 
gather the children in the class to discuss what they 
discovered. Students would share their findings 
about the light and mirrors. The teacher would 
introduce to students that these firtuings are show- 
ing that light can pass through transparent and 
translucent materials but not opaque materials. The 
teacher would also elaborate what is meant by 
"reflect" and "cast a shadow." Since the students 
have constructed their own understanding of these 
concepts, they will be able to use the scientific 
terminology without as much confusion. The words 
will most likely just reinforce some other word they 
may have been searching for. For 
example, a child may have been 
searching for a word to explain the 
light's ability to "bounce." The new 
word "reflect" can be accommodated 
into the child's mental structure. 

Concept Application 
We have just described a child who has 
assimilated and accommodated new 
ideas about light and shadows. These 
ideas are ready to be integrated with 
related concepts. In the concept applica- 
tion phase of the learning cycle, the 
teacher will expand upon the ideas 
learned, and students will be using 
their newly learned concepts and 
vocabulary. The teacher might engage 
students in another invest-igation 
where they explore whether the light 
will go through plastic, glass, alumi- 
num, metal cookie sheets, and other 



objects. Students will expand their current under- 
standing to see that light will reflect off of smooth, 
shiny surfaces (such as mirrors and glass) better 
than dull, scratched, or wrinkled sur-faces (such as 
aluminum foil or dull cookie sheets). The teacher 
might also show a video, have students watch an 
educational television program, or read a related 
text passage. 

The learning cycle supports a Constructivist ap- 
proach. Students construct their own understanding 
and meaning about concepts with real materials, and 
they are provided more than one experience with 
the concept. The learning cycle, however, should not 
be viewed as a hierarchical model for teaching. 

While we have described the learning cycle in three 
steps, it does not need to proceed in this order. The 
teacher might take three separate lessons to accom- 
plish the cycle. The teacher may also flow in and out 
of the various phases several times in one lesson. 



Cooperative Learning 
Cooperative learning places students in groups 
where they work to solve a mutual problem or 
investigation. In doing so, students interact with 
others, discuss ideas, test ideas, eind make com- 
promises. They fit their experiences with that of 
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others. Because of this social interaction, cooperative 
learning is one of the most productive techniques in 
chamging students' concepts because it involves 
interactions, the argument of ideas among students, 
individual thinking and writing, and the sharing of 
background and individual project research by 
students. 

Using cooperative learning in a classroom means 
much more than placing students in a group. 
Students may not have all the skills that are neces- 
sary to cooperate in a group, so sometimes teachers 
encourage cooperation among students by structur- 
ing the lesson in some manner. The teacher needs to 
help students develop social skills, problem solving 
ski^, and leadership skills that will enable them to 
work together in groups. Frequently this means that 
students are given particular "jobs" to insure that all 
members contribute equally to the group's desired 
goal. Jobs can vary widely but frequently include 
such jobs as manager, timekeeper, recorder, evalua- 
tor, encourager, reader, checker, and praiser. These 
jobs provide positive interdependence, that is a 
dependence upon others to complete the task. In 
addition, goals or objectives for completing the 
activity are clearly defined or explained to students. 
A large focus is placed on mastery by all students in 
the group and successful group cooperation. 

Advantages of Cooperative Learning 
Cooperative learning has generally been shown to 
be more effective than other forms of grouping 
students such as ability grouping, homogeneous 
grouping, and ability grouping within classes 
(Manning and Lucking, 1992; Slavin, 1992). Co- 
operative learrdiig enables students to learn from 
each other — responsibility for learning is shifted 
from the teacher to students; it better assures that 
girls, minorities, or slower students (who may not 
view science as an endeavor for themselves) are not 
"lost in the cracks;" it helps develop students' 
abilities to work with others from diverse back- 
grounds; it helps girls overcome anxiety toward 
learning science; it enhances student self-esteem; it 
improves student attitudes toward learning; and it 
enhances learning (Hassard, 1990a; Hassard, 1990b; 
Manning and Lucking, 1992). 

Manning and Lucking (1992) reported that two 
factors must be present in order for cooperative 
learning techniques to improve achievement. First, 




the technique must provide group goals whereby 
teams work interdependently to be successful. 

Second, there is individual accountability whereby 
each student must be accountable for learning and 
contributions to the whole group. Groups must also 
have appropriate social skills to be effective. Stu- 
dents must be allowed to get to know each other. 

They need to communicate effectively together, 
accept and support each other in the group situation, 
and be able to resolve conflicts when they arise. 

When these factors are in place, the self-esteem of 
students seems to improve as they see themselves as 
viable, contributing members of the class. 

Skills for Cooperative Learning 
There are a number of social skills that have been 
found necessary to facilitate the actions of students 
working in cooperative groups. Some of these 
include leader^p skills, communication skills, 
listening skills, trust building, cooperation, and 
compromise. Why is it important for students to 
develop cooperative skills? First, scientists in the real 
world usually work on projects as a tecim. Group 
problem solving skills are essential in this type of 
situation. Second, these skills are deemed necessary 
for all citizens. In the late 1980s, the U.S. Department 
of Labor and the American Society for Training and 
Development identified the "basic skills" most 
employers indicated that they needed in employees. 
These desired skills included: 

• the ability to learn how to learn and continually 
acquire new knowledge 

• competence in reading, writing, and comouta- 
tion 

• personal management such as goal setting and 
self motivation 

• adaptability to engage in problem solving and 
creative thinking 

• group effectiveness to work with a teetm of other 
people 

• skills to influence others or leadership skills 
(Boyett and Conn, 1991). 

These types of skills are developed in cooperative 
learning situations. 

What are Some Different Types of 
Cooperative Learning? 

Let us now explore the various types of cooperative 
learning arrangements. In some situations, students 
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are placed together to work on a single task, while in 
others they work independent of each other and 
later compile their findings to complete a task or 
problem. Many cooperative learning techniques 
exist with names such as teams-games-toumament, 
round robin, numbered heads together, pairs check, 
three-step)-interview, thir\k-pair-^hare, roundtable, 
and inside-out circle. However, the types of co- 
operative learning discussed here represent a few of 
the more commonly used m».diods in science 
education. 

Student Teams Achievement Divisions 
Student Teams Achievement Divisions (STAD) was 
developed by Robert Slavin, a professor at Johns 
Hopkins University. STAD has five different ele- 
ments: class presentations, teams, quiz, individual 
improvement score, and team recognition. First, the 
teacher provides some type of class presentation 
such as a lecture, a textbook, a video, or other in- 
structional strategy to teach a concept. Next, stu- 
dents are placed in teams where they work together 
to see that all members of their team understand the 
material the teacher presented. The goal of the team 
is to prepare everyone in the team for the third 
element, the quiz. After the team work is com- 
pleted, students are administered a quiz. They take 
the quiz individually — not as a team. To motivate 
students to improve, each student is given a desired 
minimum score, and the team works to obtain the 
highest "team improvement score." Finally, teams 
are given some type of recognition (award, prize, 
verbal praise) for their improvement. Improvement 
is almost as important as the final score. 

The advantages of this type of cooperative learning 
are that it provides frequent quizzes for teachers to 
assess student learning and the method is not as 
noisy as some other types of cooperative learning 
since the work is frequently completed as research 
where there are "correct answers" that are being 
sought. STAD is a relativel)^ easy cooperative learn- 
ing strategy to use. This typa of cooperative learning 
model is very teacher directed, and it is an easy one 
to try first if you tend to be a traditional teacher or if 
you have not had much experience placing students 
into groups. It is an easy "first step" toward in- 
volving students in cooperative groups. You can 
learn more about this strategy by reading Using Team 
Learning by Robert Slavin (Baltimore: The Johns 
Hopkins Team Learning Project, 1986). 



Jigsaw II 

Jigsaw was developed by Eliot Aronson, and Jigsaw 
II vyas further promoted by Robert Slavin. The goal 
of this type of cooperative learning is to become an 
expert on one topic or concept and teach it to others. 
In turn, the student experts teach other classmates. 
There are three components to the Jigsaw II co- 
operative learning method: preparation of learning 
materials, teams and expert groups, and reports and 
quizzes. Students are divided into groups of four or 
five. In the first component, students are guided to 
what they should know, be able to do, or be like. 
Students are given some type of activity to complete 
(usually the whole class participates in the s<une 
initial activity). Then, they are divided into sub- 
groups and provided questions that they should be 
able to answer, to be an "expert." In the second 
component, "expert teams" are placed with "learn- 
ing teams," and the experts teach the novices the 
desired concepts. Ideally, students are placed both 
on "expert" and "learning" teams to learn different 
aspects of a topic. In this way, they have the opport- 
unity to be leaders in one situation and learners in 
the other. The goal of the "expert team" is to engage 
the "learners" in some type of activity to teach them 
the concept. They could use any type of instructional 
strategy ranging from hands-on investigations to 
group reports. In Jigsaw II, individuals are evaluated 
in mucli the same way as the STAD method; stu- 
dents take individual quizzes. 

Let's describe an exctmple of Jigsaw II. You might be 
teaching about cells. As a whole class, students 
might read the textbook section on cells. Then, you 
might place students into various teeuns to learn 
about "cells." One group might be instructed to 
learn all they ccin about cells from reference books. 
Another group might learn how to use a microscope 
to view cheek (animal) and onion (plant) cells. A 
third group might learn how to operate a software 
program on cells. A fifth group might watch a video 
on cells that compares and contrasts plant and 
animal cells. After each team becomes an "expert," 
they share their understandings with the class and 
engage classmates in the learning process. Indi- 
vidual students are evaluated on their individual 
understanding of cells as well as their group im- 
provement. You can learn more about Jigsaw II by 
reading The Jigsaw Classroom by Eliot Aronson 
(Beverly Hills, CA: Sage Publications, 1979) or 
Cooperative Learning, 2nd ed. by R.E. Slavin (Wash- 
ington, DC: National Education Association, 1987). 
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The PLESE program and several teacher education 
programs at Ohio State use a form of the Jigsaw. In 
the PLESE program we arranged teachers into ex- 
pert groups that were heterogeneous; that is, teach- 
ers from different grade levels, but the same geo- 
graphic area, were on the same team. Each teacher 
was also a member of a base group. In this grouping 
they were all teaching at the same grade level, either 
elementary, middle sAool, or high school. Ehiring 
the first stage of the cooperative learning program 
each expert group was given a topic to learn about 
some aspect of the Earth Systems such as global 
climate change. The high ^ool teachers were able 
to help the elementary teachers with some of the 
terms and more complex topics as they did their 
reading and the discussion of the reading. When 
they were ready, a scientist who conducted research 
on the topic spent some time with the group discuss- 
ing ideas with them. In the second stage of the 
process, they reassembled into their base groups. 
Now it was their turn to teach their topic to other 
members of their base group, each of whom bad 
been in a different expert group. When the teachers 
had completed each of their presentations to their 
base group, a scientist again met with them to 
discuss different aspects of the topic. The third stage 
was to have each scientist make an hour or so 



presentation to the entire group on each of the 
topics. A similar approach is now being used in 
several teacher in-service courses at Ohio State. 

Co-op Co-op 

Co-op Co-op was developed by Spencer Kagen 
from the University of California at Riverside. The 
basic steps in this cooperative learning strategy are 
student-centered discussion, team selection, topic 
selection, team presentations, and evaluation. Co-op 
Co-op is very student directed. Ehoring student- 
centered discussions students discuss their interests 
and have a say in what they will lecim. Students join 
teams based upon their interests, and they divide 
their topic of interest into smaller topics. Individuals 
research and learn about their subtopic, and they 
share what they have learned with members of their 
group. After a team of students has lecimed about 
their topic of interest, they prepare presentations for 
the rest of the class. They are encouraged to involve 
all members of their team in the presentation, and 
they are encouraged to actively involve the audience 
in some manner. For example, they might have their 
classmates participate in an improvisation play or a 
debate on a topic. The teacher can evaluate students 
formally (tests or quizzes) or informally (observa- 
tior\s), but students are cdso encouraged to evaluate 




Members of the two Arizona teams at the 1991 Western Center Workshop in Greele}/, CO. 
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their own presentations. For example, students 
might be asked, "What did your group do well? 

What one skill does your group need to improve on? 
Did all members in the group participate? 

The biggest advantage of Co-op Co-op is that it 
provides students a great amoimt of independence 
in choosing the topic and teams. Students learn 
leadership skills and must be responsible to make 
decisions for themselves. You can learn more about 
Co-op Co-op by reading Cooperative Learning: 
Resources for Teachers by Spencer Kagan (Riverside, 
CA: University of California, 1985). 

Group Investigation 

Shalomo Sharan developed this type of cooperative 
learning strategy. The strategy has five steps: 

• topic selection 

• cooperative planning 

• implementation 

• an^ysis and synthesis 

• evaluation. 

The first step, topic selection, is similar to Co-op 
Co-op whereby students are placed into groups to 
choose topics of interest and a strategy for learning 
the topic. Cooperative planning is accomplished by 
having the students and the teacher work together 
to develop procedures, activities, and goals that 
match the learning task. Students carry out the 
mutually developed "plan of action" in the imple- 
mentation stage. In the "analysis and synthesis" 
step, students analyze what they learned and plan 
an interesting presentation for classmates. Finally 
the teacher and students work together to evaluate 
the team's presentation and achievement. Students 
can be evaluated individually or as a group, or 
perhaps both ways. 

Let's explore how this strategy might be used in 
your classroom. Suppose your students indicate a 
strong interest in learning about rainforests and 
endangered animals. You could divide your class 
into groups of three or four students to explore this 
topic. Through cooperative planning, you and your 
class might decide to divide this topic into: types of 
animals that are endangered in the rainforest, causes 
of endangerment, and solutions to endangerment. 
You and your students might discuss ways to learn 
about these three topics by reading books, inviting a 



guest speaker, visiting the zoo, watching a video on 
rainforests, and completing a software program 
about rainforests. Cooperative groups would im- 
plement the mutually agreed upon plans to answer 
questions about endangered animals, causes, and 
solutions. In the next stage, groups would analyze 
and synthesize what they learned and present this 
information to classmates. Finally, you would work 
with your students to evaluate their learning. For 
example, you and your students might agree that 
you want to evaluate their classroom presentations. 
You can learn more about this strategy by reading 
Cooperative Learning in the Classroom by Shalomo 
Sharan, et. al. (Hillsdale, NJ: Lawrence Erlbaum 
Associates, 1984). 

Planning for and Succeeding with 

Cooperative Learning 

Setting up a cooperative learning lesson requires 

several steps that are different from other types of 

instruction. 

1) Decide the goal of the lesson, and relate this to 
the students in some way, perhaps writing out 
the goal or demonstrating what they should 
accomplish at the end of the lesson. 

2) Decide what type of cooperative learning 
strategy you are going to use and what size the 
groups will be. Select students for the groups. 
This can be done at random or by stratification 
which means that studei are purposely chosen 
by ability and students of various abilities are 
put in mixed groups. 

3) Assign roles to each student in the group. Make 
sure each role or job is important and contrib- 
utes in a significant way to solving the problem 
or reaching the goal. 

4) Analyze what types of social skills will be 
needed by students in. the situation. Teach 
students these social skills by modeling, discuss- 
ing, or practicing them. 

5) Review rules for getting along in a group such 
as "no put-downs" meaning accept the answers 
of others without criticizing them. 

6) Determine how the group v/ill be evaluated. 
Stress individual accountability for the objec- 
tives or concepts to be learned, but also empha- 
size team cooperation and successful interper- 
sonal skills. 
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While cooperative learning should build social skills 
and cooperation among students, problems can 
arise. Sometimes students will try to let others do all 
the work. These "free riders" need to be encouraged 
to contribute to the group's task. Constant monitor- 
ing of group members' contributions to the goal will 
help you determine if you have any free riders. If 
you keep groups small, you will be able to notice 
any free riders more easily. In addition, assigning 
roles or jobs where every student's role is needed to 
complete the task helps solve this. The "4ominator" 
is frequently a higher ability student who does not 
want to risk letting lesser ability students determine 
his/her fate. By requiring individual accountability 
and team recognition, you will help eliminate 
dominators because they will be able to demonstrate 
their own abilities and the team will only receive 
recognition if all students contribute. Finally, stu- 
dents will sometimes "gang up on the task" and 
reach a consensus that they will all devote the least 
amount of energy possible to completing the task. 
This results in a poor quality product or inadequate 
completion of the goal. You can help eliminate this 
behavior by demonstrating or modeling what you 
expect at the end of the lesson. For example, you 
might show a sample finished product. You can also 
set standards for reaching the goal such as each 
student reaching 80% on the test. 

Assessment Strategies 
As you have probably figured out, the traditional 
assessment techniques such as multiple choice or 
matching tests are not very accurate measures of 
conceptual change. Students can easily memorize 
answers to a test and not really understand what it is 
that they have regurgitated on the test. What tech- 
niques are useful to assess conceptual change? 

First, concept mapping which we discussed under 
the section "Assessing Prior Knowledge" is also a 
useful technique for measuring conceptual change 
and understanding. Students can complete concept 
maps during the instructional phase to help demon- 
strate changes in understandings, and they can con- 
struct them to demonstrate understanding after a 
unit has been laught. Some educators assign points 
to different types of linkages in a concept map. For 
example, a student might receive one point for each 
level or hierarchy, one point for each relationship 
between two concepts, increasing poutts for branch- 
ing from concepts (depending upon the level at 



which the branch occurs), and one point for each 
cross-link among concepts. A short, useful article 
about assigning points to evaluate concept maps can 
be found in the article entitled "Mapping Out 
Students' Abilities" found at the end of this section. 
An informative book for learning more about 
concept mapping is Novak and Gowin's (1984) book 
Learning How to Learn, 

Performance Assessment 
Knowledge and skills can also be measured with 
performance assessments. Performance assessment 
involves the use of manipulative matericds. Students 
are given a set of directions, some manipulatives, 
and some questions to answer. They read the dir- 
ections, complete some task requiring the use of 
knowledge and skills, and answer questions that 
will show the teacher that they have the appropriate 
understandings and skills. For example, a group of 
students might be given several soil samples and pH 
test kit. The directions tell the students that certain 
crops can only grow in a pH level ranging between 7 
and 8. Students are told that they need to determine 
the pH of the soils. A color chart is provided to com- 
pare the resulting color and determine the pH level. 
The question that follows asks the student to in- 
dicate which soil samples would allow the crops to 
grow and survive. This question could be extended 
to measure problem solving if the students were 
asked what they could do to make the inappropriate 
soil samples viable for the plants. This performance 
assessment measures students' abilities to read 
directions, measure accurately, read a chcirt, and 
mcike a conclusion. 

Performance tests eire considered more authentic 
than written tests for measuring knowledge and 
skills because they provide a better match between 
instruction and assessment in a science classroom. 
Performance tests limit the opportunities for stu- 
dents to "guess" answers, and they provide a better 
indicator of what students know and can actually 
do, as opposed to what they cannot. Because 
performance tests are considered better measures of 
knowledge and skill development and cire more 
appropriate in science classrooms, many states are 
adopting performance testing as part of their 
statewide assessments. In fact, large assessment 
companies, such as the Educational Testing Service 
(ETS), are also developing and adopting these types 
of tests. 
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Portfolios 

Traditional forms of aissessment supply the teaoiw. 
with only snapshots of what students know, can do, 
and are like. Evaluation should be continuous rather 
than a one-shot effort. Educators have been using 
portfolios as a technique for matching assessment to 
instruction, assess students over time, and provide 
more than one form of assessment. 

A portfolio can be a file folder, a box, or any other 
collection container for holding samples of student 
work over time. Some teachers use portfolios as 
"work in progress" in order to demonstrate how 
students have improved their work during the pro- 
cess of developing it. However, portfolios are really 
more than collection containers. The portfolio pro- 
cess, developed by science education professors 
Thomas Dana (from Penn State University), Deborah 
Tippins (from the University of Georgia), and 
Michael Kamen (from Auburn University) (1994), 
identifies collection as the first step in using port- 
folios. This step is where students and teachers 
collect evidence of student learning. The evidence 
can take many forms such as drawings, pieces of 
writing, photographs of student work, worksheets, 
and student products. Portfolios contain various 
samples of student work, or evidence, collected over 
the entire school year. RelFlection and selection are 
the second and third steps in the portfolio process. 
The student, in collaboration with the teacher, selects 
pieces of work that represent what was accomp- 
lished after reflecting upon what important aspects 
were learned. During these two steps, students are 
provided some autonomy to help assess their own 
learning, because they are given a voice in the items 
that are selected for the portfolio. The last step in the 
portfolio process is projection. At this point, the 
student organizes the portfolio so that it is meaning- 
ful to others who might read or look at it. Portfolios 
enable educators to continuously assess students 
using a variety of evaluative formats. 

What are the Advantages of Portfolio 
Assessment? 

Portfolio assessment provides aladents, teachers, 
and parents with a continuous, multidimensional 
picture of students' growth and abilities. Because of 
the way portfolios are collected and evaluated, there 
are a number of advantages for students, teachers, 
and parents. Educators value portfolio assessment 
because it shifts responsibility for evaluating learn- 
ing from solely the teacher to the student and the 



teacher. The process helps students become 
reflective thinkers, and this frequently encourages 
them to improve and achieve to their capabilities. 
Portfolio assessment is also praised because it 
focuses on individual students instead of requiring 
all students to complete the same tasks regardless of 
their interests and abilities. With portfolio assess- 
ment, students come to value learning and show 
pride in their work because they are not competing 
with others but rather are demonstrating their own 
achievements over time. An added benefit of the 
portfolio process is the supportive relationships that 
are formed between students, parents, and teacher. 
Because all work together to build the portfolio, a 
supportive environment is formed. Evaluation does 
not carry the stigma of being an aiudety-provoking 
experience, oecause the process promotes self- 
evaluation and goal setting rather than a final grade. 

Teachers also tend to become reflective thinkers 
when they use portfolio assessment. They tend to 
think more about curriculum and as it relates to all 
students. They focus on what they can do to help 
individual students achieve knowledge, skills, and 
attitudes in science. Further, discussions between the 
teacher and students during the reflection and 
selection stage may provide insight to improving 
instruction that would have otherwise gone unno- 
ticed. 

Many people believe that portfolios accomplish 
several things for parents that other fonns of cissess- 
ment fail to do. Let's imagine, for example, that a 
student receives a "B-" on a science test covering 
the topic of predator and prey relationships. What 
does this tell the parent beyond the fact that the 
child answered 80% of the questions correctly on the 
test? Did the child learn more about predators and 
prey than the test meeisured? Is the child interested 
in food chains? Hcis the child developed scientific 
problem solving skills that will enable her to criti- 
cally examine other animal relationships? These 
types of questions are usually not answered on 
tradition^ assessment measures. Portfolios can 
provide parents with a multidimensional approach 
to understanding their child's learning, and they can 
see the improvement that their son or daughter 
makes over time. Further, the parents are comparing 
their child with his or her own abilities; not those of 
others in the class. This helps parents focus on the 
child's successes rather than failures. In conclusion, 
portfolio assessment brings together students, 
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teachers, eind parents in the learning process so that 
students can focus on setting goals and improving. 



In this guide, we have provided you with additional 
information about assessment in the form of several 
articles you will find at the end of the section. In 
addition to the one on concept mapping already 
mention^ there are several others from the same 
issue of Science Scope, The first is entitled "Culturally 
Relevant Alternative Assessment." The authors have 
identified several types of assessments that they feel 
will provide a broader range of information from 
culturally diverse groups than do the traditional 
measures. These alternative assessment forms in- 
clude concept mapping, group assessment, and 
journaling. We feel that this article will be of signifi- 
cant help to you as you change your assessment 
procedures. Another, "Portfolios: Questions for 
Design," will provide additional insight as to how to 
use portfolios in your assessment practices. 



When attempting to use any of these alternative 
assessment techniques you are certain to run into the 
problem of scoring them. How can you provide a 
consistent measure of a student's performance that 
will be fair to all other students in your classes? In 
traditional evaluation techniques "objectivity" was 
insured by giving the same multiple choice, true- 
false, or matching questions to all students. Then it 
was simply a matter of scoring right and wrong 
answers (predetermined by you the teacher) and 
placing a numerical score at the top of the exam. 
This cannot be done with the types of assessment 
techniques now being recommended by science 
educators. One solution is to use Scoring Rubrics. 
These can be developed and applied to individual 
contributions in portfolios and to the portfolios 
overall. The article at the end of this section from 
Science Scope entitled "Scoring Rubrics: An Assess- 
ment Option," will help you to xise this approach in 
assessing your students' achievement in science. 
Several examples of rubrics developed for use in 
Earth Systems classes are included at the end of this 
section. 



Technology Applications for 
Earth Systems Educahon 



ESE emphasizes relevant subject matter, decision- 
making, collaborative learning, current issues, and 



the need for many types of information to be 
brought together to bear on these topics. To oper- 
ationalize the current goals of this type of curri- 
culum restructure, emerging technologies are an 
important curricular addition to be sought. A 
begiiming has been made toward integrating curri- 
cular areas, utilizing remote technologies and data 
sources in classrooms, and focusing on individuals' 
roles in the Earth Systems (Fortner, 1991). Scientists 
have begun to recognize the necessity for public 
education about their work, and projects are under- 
way through government agencies and universities 
to make information available for teaching about 
complex Earth Systems problems. 

There are numerous sources of environmental data 
available to educators, and this paper uses examples 
from a few. Earth Systems educators can seek out 
data they need from those who generate or store it, 
and use the data to help students take an Earth 
Systems approach to their science learning (Mayer, 
1993). 

Use of data is important in accomplishing most of 
the Earth Systems Understandings, but especially in 
3, 4, and 5. We can, for example, demonstrate that 
studying the Earth involves more than one scientific 
method, e.g., we do not do experiments with the 
Earth (as in the scientific method), but study it using 
historical and descriptive data, and observations. 

We can also combine databeises from very different 
sources to show how various factors interact, and 
we can use historiced data to demonstrate how 
environmental conditions and components evolve 
over time. 

CD-ROM sources. Most government agencies are 
now opting to store their volumes of Earth Systems 
Science data on CD-ROM, a medium Green (1991) 
calls "a tool for coping with the knowledge ex- 
plosion." At the same time, Crete laments the fact 
that teachers have been slow to ^ognize and utilize 
the capabilities of CD-ROM to keep abreast of re- 
search and critical thought in their own fields. This 
medium has become extremely iost-effective (as 
low as $20 to produce a data CD), and at the rate of 
one CD to hold the data from 1600 floppy disks, it is 
also economical in terms of storage space. Some 
exciting CD-ROMs, with JRa and some images, 
include: J 
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• Temperature and Precipitation, U,S., 1890-1989 
(National Climate Data Center) 

• Toxic Release Inventory, 1991 (released annually, 
U.S. EPA) 

• U.S. Cerrsus (U.S. Department of Commerce) 

• Conterminous U.S. Landcover (U.S. Geological 
Survey and University of Nebraska, Lincoln) 

• Joint Educational Initiative (JEI, designed for 
teaching. University of Marjdand) 

Data on these CDs are designed to be loaded into 
standard software spreadsheets for analysis and 
graphing, thus are accessible to many with a mini- 
mum of user training (Helgerson, 1989). As of 1994 
most are designed for an MS-DOS platform. 

Encyclopedic CDs are also available on environ- 
mental topics, such as the Audubon Birds of 
America and Mammals of America set, and the 
World Data disk. Image disks with remotely sensed 
information and capabilities for image processing 
are also available for different parts of the U.S. 



An excellent disk, designed for use in grades 9 and 
up, has been released by NASA and the Planetary 
Data System. Called "Welcome to the Planets," it 
contains image information on all of the planets and 
the sun obtained by Voyager and other probes. It is 
available from: 

Jet Propulsion Laboratory, Planetary Data Sys- 
tems; PDS Operator 4800, Oak Grove Drive Mail 
Stop 525-389 Pasadena, CA 91109 or by internet at 
pds_operator^plpls.jpl.nasa.gov. 

Disk-based datasets. Certciin organizations and 
agencies make datasets available on floppy disks. 
These tend to be downloads from magnetic tapes, 
and can be personalized by the producer to meet the 
user's needs, e.g., state data, topic specificity. Again, 
MS-EXDS format is most common for those pro- 
duced by government sources, but Macintosh ver- 
sions cire usually available for commercial packages. 
Examples include; 

• Christmas Bird Count (by state, from U.S. Fish 
and Wildlife Service, Laurel, MD) 




Earth Systems Education classes make heavy use of computers and other technology. This is a BESS class at 
Thomas Worthington High School, Worthington, OH. 
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• COj studies, global change data (Carbon Diox- 
ide Information Analysis Center) 

• Water data, by state or watershed (U.S. Geologi- 
cal Survey) 

• Global Recall (world data HyperCard stack and 
more, from the World Game Institute) 

• Ice formation on the Great Lakes (Great Lakes 
Environmental Research Laboratory) 

Hard copy datasets can also be put into electronic 
format by students or teachers, and the material can 
be analyzed for very specific applications. Examples 
of sources of these data include: 

• Published datasets in scientific journal articles 
(data have been preselected) 

• World ResouKes 1994-95 (tables in the back are 
analyzed in early chapters) 

• Government technical reports (a fairly elusive 
source) 

• Almanacs and resource reviews 

There are usually no published guidelines for 
teachers to use data such as these, so applications 
must be created within course contexts. The global 
change capstone course in Ohio State's Geography 
Department, for instance, uses a special grouping of 
hard copy data in an "Environmental Insult" lab- 
oratory. From a small database of several widely 
differing countries, the magnitude of each country's 
regional and global insult to the environment is cal- 
culated. After scatter-plotting their calculations, 
students can group the countries according to their 
known developmental status. Calculating the in- 
sults with different relationships among the data 
will yield different groupings. 

On-line Databases. With a modem and phone line 
students can be connected to numerous datasets 
available through electronic networks. Such data 
can be accessed in forms that are updated constantly, 
and in some cases can be added to by the users. 
Specialized networks that deal with only data ex- 
change are available, mostly from government 
sources; for other networks data access is only one of 
many services offered. Some examples are: 



• Accuweather and other weather satellite data 
capture networks 

• USGS Earthqucike Line, with daily reports of 
locations of tremors 

• National Geographic KidsNet, sharing regional 
data and environmental measurements such as 
acid rain 

• RTKnet (Right to Know), a private service 
combining the EPA's Toxic Release Inventory 
and other environmental databases with the 
data of the U.S. Census 

An ERIC Digest describes the state of K-12 computer 
networking and its potential in all disciplines for the 
improvement of education through on-line com- 
munication. It is included at the end of this section. 

Thus it is evident from even a brief overview of 
media that Earth Systems Science data are available 
for classroom uses. Projects imderway at Ohio State 
University, North Carolina State University, the 
Office of Sea Grant, Aspen Global Change Institute, 
the Geographic Alliance, and other organizations 
and agencies promise to offer teachers more and 
more opportunities for use of such data in classroom 
science teaching. 

You must learn to cruise the Information Highway. 
Your students will. If you are uncomfortable trying 
to learn the intricacies of travel by ftps or gophers, 
perhaps you can find a student to help. You will be 
greatly rewarded by finding a treasure trove of 
images, activities, information, and other resources. 
The CI>-ROM from the Jet Propulsion Lab men- 
tioned above, for example, can be downloaded into 
a computer. Of course, you would need a rather 
large capacity hard drive to accommodate all of the 
data on a CE>-ROM, so in this case you are better off 
ordering it directly from JPL and waiting the week 
or two it will take to be delivered. But get into 
Netscape or Mosaic. These are programs available on 
the internet that can be downloaded into your 
computer. They will assist you in finding and using 
really valuable information. The Weather Under- 
ground group at the University of Michigan has 
developed an interactive program which allows 
access to weather and environmental images and 
animations. Blue-Skies can be used by anyone at the 
current time. However you do need some special 
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software called Serial Line Internet Protocol or else 
PoinWo-Point Protocol to connect to the Blue-Skies 
server. You can obtain information and help from 
their '"Home Page" (http://cirrus.sprlumich.edu/) 
or you can send a letter to: The Weather Under- 
ground, Department of Atmospheric, Oceanic, and 
Space Sciences, University of Michigan, Arm Arbor, 
MI 48109-2143. 



Global Education in Science 

With changes in the international situation resulting 
from the end of the Cold War, we seem to be en- 
tering a truly globed era. Social studies teachers have 
developed a program c«dled Global Education which 
emphasizes the variety of cultures and common 
interests that exist around the world. They have 
developed instruction«d materials and teacher en- 
hancement programs to acquaint soci«d studies 
teachers and their students with these global issues. 
Science is truly a global discipline. It invites partici- 
pants from any culture to investigate the world in 
which we live. Therefore there needs to be an ele- 
ment of global education in science courses. The 
article by Mayer entitled "Teaching from a global 
point of view" is included at the end of the section to 
provide Earth Systems teachers with ideas as to how 
they can provide a more global view in the courses 
that they teach. 



Conclusion 

In this section we have tried to provide a series of 
hints and ideas as to how you can provide a class- 
room climate that is supportive of an Earth Systems 
approach to science teaching. You will need to use 
constructivist methods of teaching such as the learn- 
ing cycle and cooperative learning. You will need to 
use assessment procedures that give you a better 
idea of depth at which your students have learned 
the science concepts you have taught them. Thus we 
have provided some information on alternative 
assessment methods. We feel technology and the use 
of databases will become increasingly important in 
science classes especially at the high school level. 
That portion of the section was contributed by 
Rosanne Fortner who has been deeply involved in 
developing database activities and teacher enhance- 
ment programs to assist them in using databases in 



instruction. Finally we would like you to consider a 
globed approach to teaching your Earth Systems 
courses. We have provided some articles at the end 
of the section which are short and rapidly read, yet 
have useful ideas and insights that will help you to 
expand upon the necessarily limited information 
provided in this narrative, in addition, suggestions 
have been included on additional resources in 
constructivist learning, «dtemative assessment, and 
technology. 
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Student Name Class Date 

Total Score Grade 



Scoring Rubric — Individual Student Reports and Presentations 





Level 1 

Minimal Achievement 


Level 2 
Rudimentary 
Achievement 


Level 3 
Tommendable 
Achievement 


Level 4 
Superior 
Achievement 


E: 

Ac 


Scientific 


Lacks an understand- 


Poor understanding of 


Acceptable under- 


Good understanding of 


Comple 


Thought 


ing of the topic. Very 


topic; inadequate 


standing of ttopic; 


topic; topic well re- 


ing of tc 


(content) 


little researdi, if any; 


research; little use of 


adequate research 


searched; a variety of 


sively re 




incorrect use of 


scientific terms. 


evident; sources cited; 


sources used and cited; 


of prim< 


Possible 


scientific terms. 




adequate use of 


good use of scientific 


seconda 


40 points 






scientific terms. 


vocabulcuy and termi- 


used an> 










nology. 


andeffe 












scientifi 












and ten 




0 5 10 15 20 


21 22 23 24 25 


26 27 28 29 30 


31 32 33 34 35 


36 37 


Oral 


Poor presentation; 


Presentation lacks 


Presentation accept- 


Well-organized, 


Clear, c< 


Presentation 


does not communicate 


clarity and organiza- 


able; only modestly 


interesting, confident 


ing pres 




science content to peer 


tion; ineffective in 


effective in communi- 


presentation supported 


support 


Possible 


group. 


communicating science 


cating science content 


by multisensory aids; 


multisei 


30 points 




content to peer group. 


to peer group. 


scientific content 


scientifi 










communicated to peer 


effectivi 










group. 


cated to 
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16 17 18 
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27 


Exhibit or 


Exhibit layout lacks 


Organization of layout 


Acceptable layout of 


Layout logiccd, concise 


Exhibit 


Display 


organization and is 


could be improved; 


exhibit; materials used 


and can be followed 


wxplan 




difficult to under- 


materials rould have 


appropriately. 


easily; matericds used in 


success] 




stand; poor and 


been chosen better. 




exhibit appropriate and 


rates a i 


Possible 


ineffective use of 






effective. 


approa( 


30 points 


materials. 
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Sample Rubric 

This rubic was developed by an Earth Systems teacher for use in evaluating individual student research 
projects. 



Research Time 
Utilization 


The student needed 
continual reminders to get 
back to work. Work may 
be inappropriate to the 
project. 


The student was usually 
on task, but needed an 
occasional reminder to get 
back to work. All work is 
appropriate. 


The student was always 
on task and did not need 
reminders to get back to 
work. 


Participation 
IN Project 


The student does not add 
an equitable amount of 
work to the project and 
does not meet all require- 
ments for the length of 
presentation. 


The student adds an 
equitable amount of work 
to the project, but may not 
meet all requirements for 
the length of the presenta- 
tion. 


The student adds an 
equitable amount of work 
to the project and meets 
all requirements for the 
length of the project. 


Accuracy of 
Information 

DURING 

Presentation 


The student's information 
was lacking in content and 
was not factually correct in 
many places. Information 
may not be pertinent to the 
presentation. 


The student’s information 
is for the most part 
factually correct. Informa- 
tion may not be pertinent 
to the presentation. 


The student's information 
is factually correct and 
pertinent to the presenta- 
tion. 


Clarity of 
Presentation 


The student's work is not 
well planned. The student 
was confused by much of 
the information presented. 
The student was not clear 
in explaining topics. 


The stuc* ‘ ’ work is well 
plannee .ere seemed to 
be some mfusion or 
misinterpretation of 
information. 


The student's work is well 
planned and clearly 
explained. The student 
showed a clear command 
of the information 
presented. 


Visual Aid 
Worksheet, or 
Simple 

Demonstration 


The device used by the 
student was not used at a 
timely place in the 
presentation, had little 
bearing on the presenta- 
tion, or was absent from 
the presentation 


The device used by the 
student was appropriate 
for the presentation. It 
may have been used in a 
more appropriate manner. 
The design of the device 
may not have maximized 
the learning. 


The use of the device was 
timely and appropriate. 
The design of the device 
was constructed to 
maximize learning. 
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South-Western City Schools 
Park Street Middle School - Team 6 
Portfolio Assessment 
School Year 1993 - 1994 



Learner;. 



Date: 



5 = Excellent Effort 4 = Good Effort 3 = Average Effort 2 = Below Average Effort 1 = Poor Effort 0 = No Effort 
NA = Not Applicable 



Portfolio Assessment 


Evidence 


Code 


Demonstrates ability to make observations: 






Shows evidence of good measurement skills: 






Shows evidence of making hypothesis and predictions: 






Shows evidence that the Earth is u lique, a place of 
great beauty: 






Shows evidence that human activities are seriously 
impacting Earth: 






Shows evidence that using science and technology 
helps us vmderstaiid the Earth: 






Shows evidence that the Earth is composed of interact- 
ing subsystems: 






Shows evidence that the Earth and its subsystems are 
continually evolving or changing: 






Shows evidence that the Earth is part of a solar system 
within the vast and ancient xmiverse: 






Shows evidence that there are many careers that 
involve the study of the Earth, its subsystems, and 
processes: 






Project: 






Notebook: 
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GROUP MEMBER EVALUATION FORM 
Student Name Group Table 

For your group to do the best possible work, all members must contribute a fair share to the group effort. 
Members who do not contribute can bring down the performance of the whole group. To help your group 
make sure that responsibilities and tasks are shared fairly, use this form to evaluate the contributions of 
your teammates. Grade each group member for each class period of the investigation. Use the following 
scale to assign grades. (Note: 4 is the highest score each day, 0 is the lowest). 

Grade Criteria 

4 participated to the best of his or her ability 

-► was helpful and cooperative 
-► stayed on task 

-► did an excellent job on the required research or homework 

3 -► participated actively, but could have done more 

— ► was cooperative 
— ► was usually on task 

-► did a good job on the required research or homework 

2 — ► participated some, should have done more 

— ► was cooperative some of the time 
-► was off task at times 

-► did a fair job on the required research or homework 

1 “+ participated only a small amoimt 

-► was usually cooperative 
— ► was off task some of the time 

-► did a poor job on the required research or homework, or did nothing 

0 -► did not participate 

— ► was off task most of the time 

-► showed behavior that disturbed the rest of ^hs group or class 



Student's Name 


Day 1 


Day 2 


Day 3 


Day 4 


Day 5 


Total 

Points 
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Computer Networks for 
Science Teachers 

Kimberly S, Roempler & Charles R Warren 



Computers and the technologies associated 
with them are major forces in the virtual 
shrinking of the globe. Through computer 
networks, students and teachers across the 
United States and around the world are 
interacting to share experiences and to 
investigate local problems in a global context. 
Forme iiy reserv^ for use by scientists, 
researchers, and computer buffs, computer 
networks now have capabilities that make them 
extremely useful to science teachers and their 
classes. 

A network links computers via standard 
telephone service. Electronic mail (e-mail), 
data, software, and other messages can be sent 
and stored to be read sometime later by the 
receiver. With a modem and a computer, one 
can “meet” science educators with common 
interests in almost any area of the country or 
the world, 24 hours a day. Educators can easily 
be on the cutting edge of the use of instruc- 
tional technology through the use of computer 
networks. 

This digest is designed to pro\ide educators 
some basic background on computer 
communications and to provide a few examples 
of computer networks that are easily available 
to them and their students. 

The Power of Communication 

Telecommunications can add vitality and 
acitement to the classroom. Students and 
educators see subjects come to life as they 
study topics such as tropical timber resources, 
environmental crises, or the AIDS pandemic. 
Through telecommunications, classes can be in 
contaa with individuals and organizations who 
address these issues on a day-to-day basis. 

Science classes can also communicate 
directly with other science classes around the 
world to conduct research or explore and share 
ideas. This kind of across-the-globe networking 
can be an exciting project for students of ail 
ages. In one recent effort, for example, 
elementary school students from across the 
United States measured daily precipitation and 



the acidity of collected samples of rainwater. 
This information was shared on a computer 
network with classes from many parts of the 
country, and a d.aily acid rain map was created. 
Other activities have included on-line science 
fairs and on-line surveys. Networks have 
allowed the creation of an exciting “global 
classroom” both in its content focus and its 
participation. 

The AdvanUges of Electronic Mail 

A common complaint of science teachers is 
the feeling of isolation from other professionals 
with similar interests. Computer netw'orks 
allow teachers to “reach out and touch 
someone,” Teachers can share ideas ai»d 
activities through the use of electronic bulletin 
boards. Networks an also serve as resource 
retrieval databases. Data retrieved from 
computer networks an be analyzed by 
students. Computer networking improves 
communiation and data exchange by allowing 
participation in ongoing computer conferences 
as well as private e-mail. Increased productiv- 
ity, creativity, and professional activity are some 
of the results of using computer networks. 

Using a computer network can save 
communiation time and money. One has the 
freedom and flexibility to use the service in a 
timely manner—whether it’s six in the morning 
or midnight. Sending correspondence via e- 
mail an be more productive than trying to get 
someone over the phone, beause mail is held 
for retrieval until the user logs on. 

Dealing With Networking Charges 

The costs of networks vary. Startup 
expenses can include the costs of a computer, 
modem, software, and user fees. For a long 
distance network, on-line time an be quite 
expensive. There are, however, several ways to 
cut some of the costs. Because the networks 
can be used at any time, using the service in 
the evening and on weekends can cut costs 
considerably. To decrease the time needed on 
the phone, some networks allow messages to 



be composed in advance, off-line, and then 
transmitted electronially. This is ailed 
uploading. Uploading results in less time on- 
line and therefore lower phone charges. 

Different terminal systems an also affect 
costs. Some computer netw'orks use “smart 
terminal" system.^ while others use “dumb 
terminal" systems. A “smart terminal" system, 
where the microcomputer is pre-programmed 
to run the network computer, runs quickly and 
efficiently and results in lower phone line 
charges, “Dumb terminal" systems require all 
work to be done on-line and are therefore 
more cosdy. 

Many teachers do not have time to interact 
frequently with computer networks while at 
school. Fortunately, most computer networks 
are available on a 24-hcur basis making this 
type of communiation ojcceptionally flexible. 

Networks Available to Science Teachers 

Science Line, EcoNet. PSINets, INTERNET/ 
BITNET, and ERIC Online systems are examples 
of computer networks that have much to offer 
science eduators. 

Science Line, a National Science Teacher 
Association (NSTA) sponsored electronic 
bulletin board, allows a user to san and 
download a variety of science and general 
interest programs, including public domain and 
shareware software, the latest information on 
summer programs and NSTA projects, official 
information files from government agencies 
and organizations, text on computer tech- 
niques and scientific papers on topics like cold 
fusion, teacher aids such as gradebook 
programs, and interesting classroom demon- 
strations. 

EcoNet is an international computer network 
related to the environment and eduation, 
EcoNet serves environmental eduators as part 
of its broad mission to provide information 
services to the international emironmental 
community. As a central program of the 
Institute for Global Communications (IGC), 
EcoNet allows users to send messages to 
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another continent, gather the latest infcrma- 
tion on a wide variety of environmental .opics, 
interact with other members of the environ- 
mental community around the worid, look for a 
•ob in the environmental field, or find a 
foundation that might fund a project. Both 
Science Line and EcoNet require on-line time 
because they are "dumb terminal” systems, 
PSlNets, initiated in 1985, are People Sharing 
Information Networks. Different PSINeis have 
been established in various states (e.g., Iowa, 
Georgia, and Ohio) with the cooperation of 
IBM and the Council of State Science Supervi- 
sors (CSSS). Typical conferences currently 
available on these networks include; (1) 
curriculum materials, (2) announcements, (3) 
forums, (3) surveys, (4) projects, (5) 
Phonebooks, and (6) activities for students. 

At the state level, PSlNets have found great 
success. In 1991, for example, every school 
district in Ohio was offered inservice training 
on the use of PSINet networks, and more than 
half received the necessary software to use 
OHNet (the Ohio PSINet). A toll free number 
was established by the Science Education 
Council of Ohio and the Ohio Department of 
Education. This number has allowed science 
teachers and administrators to access the 
network without telephone charges. Through 
OHNet, Ohio teachers are informed about 
local, state, and national science education 
resources, trends, and curriculum develop- 
ments. 

PSINeis are networked to national PSlNets 
such as the National STS network, the Council 
of State Science Supervisors PSINet, and 
PSINeis in other states. Communication 
between sites across the country and around 
the worid is made possible through this 
network of networks. Many states are 
operating PSINeis at this time. 

PSlNets are examples of "smart terminal” 
systems. PSINet uses a unique IBM software 
package that allo^vs a user to run the network 
server computer from one’s own microcom- 



puter with greatly decreased on-line time. 

Typical daily phone calls between the user and 
the server to less than two minutes. Plans for 
the growth of PSINet involve a software version 
for Macintosh computers and a link to 
INTERNET. 

INTERNET and BiTNET are academic 
computing neiworb that are becoming 
avaitole to teachers in some areas. The 
computer network in the state of Texas links 
hundreds of teachers through an INTERNET 
system. Commonly accessed through local 
universities, BirNCT/INTERNET systems can be 
interfaced through the use of several different 
software packages. These systems have many 
international connections and can link a user 
with a variety of resources such as databases, 
library holdings, and other networks. 

SUN INFO, a campus information system at 
Syracuse University that uses the S?]S£S/PRiSM 
interface, allows INTERNET users to access the 
to five years of the ERIC Database. A fuU-iext 
file of over 850 ERIC digests is also available to 
INTERNET users through the Extended Bulletin 
Board of the Office for Information Technol- 
ogy, University of North Carolina at Chapel Hill, 
For more information about these and other 
ERIC Online systems, contact ACCESS ERIC; 1- 
800-irr-ERIC. 

Getting Involved 

The computer networks mentioned in this 
digest are only the lip of the iceberg. There are 
hundreds of local, regional, national, and 
international computer networks. Most 
computer networks can set up an account and 
a password over the telephone. Research and 
history involving networks tell us that 
successful networks share three things; (1) 
involved users on the system; (2) active paper 
mail support; and (3) occasional face-to-face 
meetings between users. Networking will 
expand educators’ horizons on both the 
personal and professional level. 



For more informatioii, contact: 

Science Line 

National Science Teachers Association 
1742 Connecticut Ave, NW 
Washington, DC 20009 
(202) 328-5853 

EcoNet 

Institute for Global Communications 
3228 Sacramento Street 
San Francisco, California 94115 
(415) 923-0900 
(415) 923-1665 (FAX) 

Telex; 154205417 

ERIC Clearinghouse on Information Resources 

Syracuse University 

Syracuse, New York 13244-2340 

(315)443-3640 

(315) 443-5448 

Iniemei; ERIC(gSUVM,ACS,SYR,EDU 
PSINet 

Contact your state science or mathematics 
consultant at your respective department of 
education or; 

Jack Gerlovich 
National Director PSINet 
Center for Teacher Education 
Drake University 
Des Moines, lA 50311 
(515)271-3912 
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CuKuralBy 

Relevant 

AHemative 

Assessment 



B ecause experience is embed' 
ded within culture, learning 
should be considered in a 
cultural context. Similarly, assess' 
ment involves the representation of 
knowledge and a judgment concern' 
ing the viability of that knowledge. 
Thus, assessment should be context 
dependent; reflect the nature of the 
subject matter; and address the 
unique cultural aspects of class, 
school, and community among cub 
turally diverse populations. 

Why culturally 
relevant assessment? 

Broad movements for reform and 
change in science and mathcmat' 
ics — such as Project 2061; the 
Scope, Sequence, and Coordination 
Project; and Curriculum, Evaluation, 
and Professional Teaching Standards 
for School Mathematics — must be 
influenced by the development of 
more culturally responsive means of 
assessing student learning in science 
and mathematics. The need for cub 
turally relevant assessment reflects 
the diversity of our society, where 
students of color are expected to 
comprise 33 percent of public school 
enrollment by the year 2000. 

Assessment in the next decade 
must challenge old assumptions. The 



inadequacy of standardized testing as 
a sole measure of what students 
know has been compounded because 
these tests too often portray an inac' 
curate picture of minority students* 
capabilities. As the Quality of Edu' 
cation for Minorities Report (1990) 
points out, test scores alone are poor 
measures of student potential.^ Such 
measures fail to consider interper' 
sonal skills, language abilities, and 
related talents that students will 
need in the real world. Beliefs and 
knowledge about culturally diverse 
groups may also have served to limit 
perspectives, ultimately contributing 
to reduced opportunities in fields 
such as science. Culturally relevant 
alternative assessment is needed to 
improve educational options for 
students from diverse backgrounds. 

A critical factor in culturally reb 
evant assessment is the realization 
that alternative assessment in 
multicultural populations will be 
different from other forms of assess' 
ment. Because all students bring 
with them a unique set of expert' 
ences, the developers of alternative 
forms of assessment must take these 
experiences into consideration. This 
is critical if one views improving 
learning as the primary purpose of 
assessment. 



Assessment for ail 

The following alternative assessment 
strategies enable students in science 
to “show what they know" regardless 
of their cultural background. Fur' 
thermore, many of these strategies 
celebrate cultural diversity, for it is 
through alternative assessment strat' 
egies that both students and teachers 
from diverse backgrounds may learn 
to appreciate the uniqueness as well 
as the universality of their particular 
culture. 

Concept mapping 

Concept maps are constructed by 
selecting and writing major concepts 
and ideas in a circle or oval, and 
then joining related concepts with 
lines and connecting verbs that 
explain the relationships between 
concepts. Concept maps become 
tools for negotiating meanings be' 
tween students when a culturally 
diverse group of two or three stU' 
dents must share, discuss, negotiate, 
and agree upon meanings in order to 
create a concept map. Novak and 
Gowin suggest that bilingual stU' 
dents may present foreign words that 
label the same events or objects.^ By 
doing this, science students learn 
that language does not make a con' 
cept« but rather language serves as 
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the label for a concept. A pre and 
post concept map (See Figure 1) can 
be one culturally relevant tool used 
to assess student learning in science. 



Cooperative learning 
and group assessment 

The common theme in all coopera- 
tive-leaming, group-assessment strat- 
egies is that the grade earned fosters 
positive interdependence — how 



students work with one another is a 
prime factor in the grade received. 
Thus, students engage in dialogue to 
construct and negotiate a shared 
meaning of their science learning, 
and group members benefit by help- 
ing one another. In the process, stu- 
dents come to understand and appre- 
ciate cultural differences. Research on 
cooperative learning involving differ- 
ent ethnic groups, handicapped and 






nonhandicapped students, and 
male and female middle school 
students indicates that “coopera- 
tive learning experiences, com- 
pared to competitive and individu- 
alistic ones, promote more positive 
attitudes toward members of a 
different ethnic group or sex and 
handicapped peers.”^ Thus, coop- 
erative learning not only offers an 
alternative to traditional, individu- 
alized, competitive assessment 
practices; hut promotes attitudinal 
changes between culturally divetse 
students as well. 

Journaling 

Journaling becomes an alternative 
approach to traditional science 
testing when it is used for assess- 
ment purposes. Journal writing 
encourages students to connect 
science to experiences in their own 
lives and it helps students find 
connections between experience 
and theory.^ Journaling is also 
culturally relevant in that it is a 
personal process in which grammar 
and punctuation are unimportant, 
thus not placing ethnic students at 
a disadvantage due to linguistic 
differences in grammar, lexicon, 
and style of dialect. When students 
keep journals of their science 
learning, they articulate their 
thought processes. When students 
share journal entries with one 
another, they niay come to appre- 
ciate linguistic differences and the 
expressive power of language. 

For assessment purposes, a unit 
of study may begin with students 
writing an entry on what they 
know about a particular scientific 
concept. Throughout the unit, 
students continue to write entries 
regarding their learning and how it 
relates to their life experiences. 

Dialogue journals and roving 
journals are two additional ways of 
using journals for assessment. Tliey 
enable students to communicate 
with each other about their learn- 
ing. Dialogue journals place stu- 
dents in two-way conversations. 
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focusing on the process of making 
sense in learning science. With dia- 
logue journals, students make sense 
of their individual involvement with 
key science concepts by “talking 
with a friend.** Students exchange 
journals on a regular basis, providing 
feedback and comments that facili- 
tate further reflection. Roving jour- 
nals are a powerful vehicle for help- 
ing students search for connections 
between their prior knowledge and 
new information. Roving journals 
focus on a particular science concept 
or activity. The journal is passed 
around the classroom and each stu- 
dent writes about the theories he or 
she used to make sense of the con- 
cept. As different students write 
explanations, students benefit from 
the ideas of the students before 
them. 

When using any i'T>e of journals, 
it is important for students to con- 
sider how their thinking develops 
and reflect upon learning experi- 
ences both historically and in a cul- 
tural context. When students are 
allowed to communicate through 
journals, they become personally 
involved in learning and ultimately 
become participants in the assess- 
ment process. Figure 2 illustrates 
how teachers can use dialogue jour- 
nals to assess student understanding 
of science concepts. 

Oral interviews 

Oral interviews provide an alterna- 
tive assessment strategy that encour- 
ages students* self-confidence in 
posing questions in their own lan- 
guage in the context of their own 
experience. Teachers and studeftts 
alike need opportunities to share 
their “stories,” for in doing so, they 
demonstrate their individual ques- 
tions and perspectives, which are 
essential in weaving the threads 
necessary to make sense of experi- 



ence. Some topics around which oral 
interviews might initially be struc- 
tured include job interviews and 
related accomplishments, interviews 
concerning controversial issues (in- 
cluding both biased and nonbia' r ' 
accounts), and science-related oial 
histories. 

Portfolios 

The portfolio should provide a de- 
velopmental record of growth in 
conceptual understanding for both 
teachers and students. The use of 
portfolios in assessment reflects a 
fundamental change from traditional 
assessment practices in many ways: 
The development of portfolios allows 
teachers and students to work and 
learn together; provides opportuni- 
ties for reflection and self-assess- 
ment; helps redefine traditional 
student and teacher roles in relation 
to the science curriculum; empha- 
sizes the culture in which teaching 
and learning occurs; and empowers 
both students and teachers with 
respect to science learning. 

Many of the assessment tools 
already mentioned can be introduced 
into the assessment portfolio: con- 
cept maps, journals, oral interviews, 
and cooperative group assessment. 
Using multiple sources to profile 
student growth can help insure equi- 
table treatment of culturally diverse . 
students. But portfolios cannot be 
suddenly introduced into a science 
classroom without corresponding 
changes in the way we think about 
knowledge construction in relation 
to science teaching and learning. 

This calls for radically transformed 
science classrooms and new roles for 
teachers and learners. 

Conclusions 

In Multiethnic Education, Banks calls 
for the development and use of novel 
assessment practices that reflect 



various ethnic cultures.^ It is impor- 
tant, however, to heed Banks* warn- 
ing that alternative assessment strat- 
egies will do little good unless 
educators implement curricular and 
instructional practices that are also 
multiethnic and multiracial. The 
task of “fitting the school to the 
student” is difficult when schools 
define learning as “mastery** of iso- 
lated bits of data and marginalize 
conceptual knowledge and the re- 
lated processes of problem solving 
and problem detecting. The strate- 
gies we present here cannot substi- 
tute for a multiethnic and multira- 
cial science curriculum and learning 
environment. Any discussion of 
assessment must be linked to under- 
standing what we teach, how we 
teach, and why we teach. A 
multiethnic and multiracial science 
curriculum and learning environ- 
ment, as well as culturally relevant 
assessment strategies, can enable 
teachers to better prepare their stu- 
dents for the multicultural society in 
which we live ■ 
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Mapping Out 
Students’ Abilities 



C oncept maps^ diagrams that 
indicate the relationships 
between concepts^ reflect the 
conceptual organization of intorma' 
tion. A well' thought-out system of 
concept maps can be used to formu- 
late questions for such traditior.al 
evaluation systems as erams. On the 
other hand* if students are asked to 
draw their own concept maps, the 
maps can serve as an assessment tool 
for evaluating students’ abilities to 
differentiate and structure the key 
concepts of class material.^ 

In this article, we will present a 
modified form of the concept -map 
scheme created by Novak that pro- 
vides a consistent syntax and grading 
system for concept maps.’ 

The syntax 
and the grading 

Figure 1 represents the structural 
syntax of a concept map. Within the 
concept map, a point or period repre- 
sents a concept, and the lines con- 
necting the points represent the rela- 
tionships between the concepts. Each 
relationship drawn must be described 
by a proposition or relationship de- 
scription. The map is drawn as a tree 
with the hierarchical levels numbered 
in descending order. The grading 
scheme awards points as follows: 



1. Hierarchy — One point for the 
number of levels that are correct. 
(Figure 1 portrays a five-level con- 
cept map and would therefore re- 
ceive 5 points for its hierarchical 
complexity.) 

2. Relationships — A student receives 
one point for each relationship 
drawn between two concepts and 
described by an explicitly and cor- 
rectly described proposition. (Figure 

I contains 16 relationships between 
concepts, yielding 16 points.) 

3. Branching — A branch is a rela- 
tionship established between one 
concept and two or more concepts at 
the next hierarchical level. The 
number of points awarded for 
branching depends upon the level at 



which it occurs. Award only one point 
for the first level of branching, but 
give 3 points for any branching that 
occurs at subsequent levels. Figure 1 
should receive a total of 16 points for 
branching; one point for the initial 
branch at level 1, 6 points for the 
branching that occurs at level 2 (two 
branches), six points for the branching 
at level, 3 (two branches), and 3 points 
for the one branching at level 5. (No 
branching occurs at level 4.) 

4. Cross-links — A cross-link connects 
relationships and reflects integration 
or parallelism between two relation- 
ships. Award one point for each cross- 
link. Figure 1 contains three cross- 
links (two cross-links on level 3 and 
one on level 4), yielding 3 points. 



Figure 1. Structural Diagram of a Concept Map 
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An example 

For a more concrete example, con^ 
sider the concept map shown in 
Figure 2. When evaluating a con^ 
cept map, first divide it into levels 
as shown in the diagram. Then 
proceed through the evaluation as 
follows: 



1. Hierarchical levels — 4 points. 
Figure 2 has four levels; award one 
point for each level. 

2. Relationships — 17 points. Look 
for relationships between concepts 
that are established by a correct 
proposition, for example, “Matter is 
Heterogeneous” or “Solution is a 
Mixture” and score one point for 
each. Figure 2 has 1 7 correctly eS' 
tablished relationships. 

3. Branching — 10 points. Figure 2 
has four branches. At level 1, “Mat' 
ter” branches to two concepts, and 
receives one point because it occurs 
at the first level. At level 2, “Het- 



erogeneous” does not branch but 
“Homogeneous” branches once, 
yielding 3 points. At level 3, "Solu' 
tion" and “Substance” both branch, 
so award 6 points for branching at 
this level. There are no branches at 
level 4. 

4. Crosslinks — 4 points. Figure 2 
has four crosslinks — "Solution is a 
Mixture”; “Solute in Solvent”; 
“Water is a Solvent”; and “Solvent 
example H 2 O.” Remember that 
every crosslink establishes a con' 
nection between concepts. 

For practice, evaluate the con- 
cept map about photosynthesis that 
is depicted in Figure 3. Use the key 
presented at the bottom of the 
figure to check your results. 

An assessment tool 

The classroom teacher needs to use 
different instruments and tech' 
niques to evaluate students. Con' 






cept maps can be useful for deter' 
mining students* cognitive structut' 
ing of information and assessing how 
thorough an understanding they 
have of a topic. Add concept maps 
as an evaluation tool to your assesS' 
ment repertoire ■ 
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Figure 2. Concept Map on Matter 
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Figure 3. Concept Map About Photosynthesis 
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Relationships 25 points 

Branching 16 points 

Cross-links 6 points 

Total 54 points 
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Portfolios; 

Questions for Design 



I ln a recent conversation with a 
colleague about using portfolios 
for assessment in his middle 
school science class, he casually 
stated, “Oh! A portfolio is whatever 
I want it to be." As I consider portfo- 
lios a new, experimental, exciting, 
evolving tool for teachers m use in 
the practice of their craft, I was 
taken aback. Using the metaphor of 
portfolio as tool, I often ask myself, 
“What is a portfolio? What can it be 
used for? How can it be used? How 
do teachers and their students learn 
to use portfolios? What can teachers 
and students do with portfolios that 
can’t be done with any other teach- 
ing/1 earning tool? What are the 
dangers associated with using portfo- 
lios?" To hear someone say that a 
portfolio can be anything was dis- 
concerting, to say the least. Yet the 
comment lurked in the back of my 
mind until I paused to confront it. 
After much reflection, I must admit 
that my colleague is correct, a port- 
folio can be anything teachers or 
students want — as long as they are 
thoughtful about what they want the 
portfolio to be for them. 

A portfolio is defined as a con- 
tainer of documents that provide 
evidence. In the prcxiuction of a 
portfolio, there are at least three 



roles to consider. The first is the 
portfolio designer. In a traditional 
classroom, this io the teacher, who 
states what should be included in the 
portfolio. The second role is the 
portfolio developer. In a middle 
school science classroom, this is the 
student, who completes and collects 
all the assignments and places them 
in the portfolio. The third role is the 
portfolio assessor, who reviews the 
portfolio and assigns value to the 
work, and by inference, to the stu- 
dent. Students, teachers, parents, 
and/or administrators may be portfo- 
lio assessors. 

To aid portfolio designers, devel- 
opers, and assessors in the decisions 
required to make the portfolio what 
they envision it to be, some ques- 
tions need to be addressed in the 
portfolio process. This list of ques- 
tions is not inclusive, but merely a 
starting point. The questions have 
no one right answer, but rather mul- 
tiple answers. Answers will be based 
on context, intention, and belief; 
and will vary from person to person, 
place to place. 

Evidence of what? 

The first major question is, “If a 
portfolio is a collection of evidence, 
what is it evidence of?" In middle 



school science, the portfolio might 
contain evidence of what students 
know and are able to do — it may 
show evidence of having mastered 
and organized facts, or the mastery of 
some process skill such as the ability 
to design an experiment. Or the 
portfolio might provide evidence of 
the students’ ability to work i;i 
groups, or to be metacognitive. 

This first question implie*' a num- 
ber of subquestions. 

1 ) Who u/ill decide the purpose of the 
portfolio — the teacher, the sttident, 
student groups , or the teacher and 
students working together? The teacher 
may decide that the purpose of the 
portfolio is to present evidence of 
science skills. Some students may 
decide to collect evidence of being 
able to observe and describe; others 
evidence of being able to compare 
and contrast; others of being able to 
ask questions; and still others the 
ability to design experiments. Alter- 
natively, the teacher, in keeping 
with a district curriculum, might 
offer these four choices and the class 
decide that each will collect evi- 
dence of the ability to design experi- 
ments. 

2) Wiii the purpose of the portfolio be 
the same for all students or will it be 
individualized! If the portfolio is a 
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good tool to display student strength, 
then the portfolio will be different for 
each student. 

3) Will (he portfolio contain evidence of 
mastery of the purpose or progress to- 
ward the purpose with the accompanying 
growth and change? If the portfolio 
contains evidence of the student’s 
ability to design an experiment, will 
it contain the very best experiment 
completed during the year? Or will it 
contain the first experiment, which 
was not well designed; a later experi- 
ment with a good question and hy- 
pothesis; a still later experiment with 
well-organized data; an even later 
activity with a quality discussion; and 
a laboratory report from the end of 
the year with all good elements? 

4) What will the portfolio be used for? 
Will the portfolio be used for self- 
reflection, for evaluation and grading, 
to show parents what is being done in 
school, for promotion to the next 
grade, as a culminating activity that 
draws together all of the science in 
middle school, or to assist the teacher 
of the next grade in planning for the 
needs of individual students? Or will 
it serve more than one purpose? 

5 ) When and how often will the portfolio 
be reviewed, and by whom? Will stu- 
dents work in small groups on their 
portfolios once a week, will the 
teacher sit with each student in a 
portfolio review conference once a 
term, will portfolios be displayed for 
home and school night, will a public 



portfolio conference be part of the 
rite of passage from middle school to 
high school, or will the multi- 
purposed portfolio be reviewed by 
different people at different times? 

What evidence? 

The second major question is, “What 
will count as evidence in the portfo- 
lioT What evidence will show that 
the purposes are being met? There 
are several possible types of evi- 
dence. One type of evidence is the 
materials that students usually pro- 
duce in the course of instruction — 
worksheets, laboratory reports, book 
reviews, tests, and such. Another 
type of evidence is produced when 
students capture what would nor- 
mally be lost — the raw data used in 
the lab report, the first draft of a 
report, diagrams or photographs of 
laboratory equipment, or a tape of a 
conversation with members of a 
cooperative small group. A third 
type of evidence is produced by 
someone else — a thank-you note 
from a community-service leader for 
the student’s participation in a shore 
clean-up activity or a note that the 
diagrams included in a lab report 
were drawn by another student. 

Experience has taught me that 
there is one form of evidence that is 
essential for the portfolio to be 
meaningful. This is a statement 
written by the student about how the 
evidence in the portfolio is related to 
the purpose. This may be done by 



Portfolios: Questions for Design 



What doea the portfolio contain evidence about? 

•Who decided the purpose? 

•Is the purpose the same for all students? 

•Will the portfolio contain evidence of proficiency or progress? 
•To what uses will the portfolio be put? 

•When, how often, and by whom will the portfolio be reviewed? 

What will count as evidence in the portfolio? 

•Which pieces of evidence are required and which are selected? 
•Must evidence be produced alone or can it be collaborative? 
•Will the portfolio contain only best work? 

•Where will the portfolio be kept? 

•How much evidence will be Included in the portfolio? 
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attaching captions to each piece of 
evidence that state what the evi- 
dence is and why it is evidence. It 
may also be accomplished by having 
students write an essay about how 
the portfolio illustrates what they 
have learned. Still another tech- 
nique may be to have students write 
a letter explaining what the portfo- 
lio contains and why it is evidence. 
Articulating the relationship be- 
tween the evidence and the purpose 
is most helpful for students as they 
reflect on what they have learned. 

Deciding what will count as evi- 
dence requires teachers to reexamine 
both the curriculum and instruction. 
If it is determined that laboratory 
reports will serve as evidence of 
students’ knowledge, then reading 
the textbook and answering ques- 
tions at the end of the chapter will 
not provide students with opportu- 
nities to produce evidence. If labor*'- 
tory reports are deemed important 
evidence, the instruction must pro- 
vide laboratory experiences and 
include writing laboratory reports. 

As with the first question, this 
second question on what counts as 
evidence also implies a number of 
subquestiotts. 

1 ) Which pieces of evidence should be 
required by the teacher and which pieces 
may be selected by the students? Stu- 
dents develop a sense of personal 
ownership when they make deci- 
sions about what to include in the 
portfolio. One solution to this ques- 
tion is to have the teacher deter- 
mine the form — two lab reports and 
one concept map — and have the 
student determine the content — 
which lab reports and a map of 
which concepts. 

2) Which pieces of evidence must be 
produced alone and which can be the 
result of collaborative effort? Recent 
pedagogical techniques include 
cooperative small-group work. TT»ese 
forms of instruction promote student 
participation in their own learning. 
Including evidence in the portfolio 
that has been discussed among peers 
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promotes both peer^evaluation and 
self-evaluation. 

3) Will the portfolio contain only evi- 
dence of the student's best work? While 
it is difficult to ask students to in- 
clude poor work in the portfolio, 
often an early piece of work provides 
a stark contrast to the knowledge and 
skill evident in more recent work. 
Including what was “best evidence” 
at the beginning of the academic 
year and what is “best evidence” near 
the end of the year allows the student 
to display growth and change. 

4) Where will the portfolio be kept? 
Whether the portfolio remains in the 
classroom or the student watches 
over it is a decision based on the type 
of classroom atmosphere the teacher 
is trying to maintain. 

5) How much evidence should be in- 
cluded in the portfolio? The response to 
this question ranges ff a everything 
the student has produced to a single 
sheet that summarizes what has been 
learned in science. For example, the 
teacher may decide that five pieces of 
evidence are necessary and sufficient 
and the student may then select 
which five. However, one technique 
called the value-added process can be 
used to decide how much evidence to 
include. Students, working in small 
groups in which they have estab- 
lished trust, select one piece of evi- 
dence as the best evidence that the 
purposes of the portfolio have been 
met. After each student has selected 
his or her most compelling evidence, 
the students then select the second 
most compelling evidence and dis- 
cuss what is added to the value of the 
portfolio if this second piece of evi- 
dence is included. Students ask 
themselves, “What will the portfolio 
assessor know about me from this 
piece of evidence that would not be 
known if it were not included.” A 
limit, although different for each 
student, is easily reached. Sometimes 
students decide that they need to 
collect more evidence. This value- 
added method promotes self-evalua- 



tion and peer-evaluation as well as 
evaluation by a teacher. 

Portfolios are a new tool for 
teaching and learning science. Since 
portfolios may serve many purposes, 
science teachers have the potential 
to make this tool whatever they 
want it to be by making thoughtful 



decisions. And it will probably be 
shaped differently by different 
teachers ■ 



Angelo Collins is an associate professor of 
science education at the Florida State 
University in Tallahassee, Florida. 
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Scoring Rubrics: 

An Assessment Option 



T eachers, like other humans, 
are judgmental creatures. 
We go through life evaluate 
ing events against the criteria of our 
preferences, standards, or expert' 
ences. Yet, we rarely assess these 
events the way we assess the work of 
our students. For example, how 
many of us would assign a numerical 
grade to a visit to the dentist’s of' 
fice? Most of us would more likely 
rate the visit on 1 ) the amount of 
time we were kept waiting, 2) the 
completion of the expected proce- 
dure, 3) the cost, and certainly 4) 
how much pain we experienced! In 
other words, we would assess our 
visit in terms of a rubric (classifica- 
tion system) of discrete and perti- 
nent indicators rather than an ab' 
stract numerical representation. 

If a major goal of teaching is to 
create students who can truly func' 
tion independently, then we must 
reevaluate the ways we provide 
feedback to students in the class- 
room. In most instances, we tend to 
formally evaluate students’ work 
only at the end of an activity or 
experiment. Assessment, however, 
must be a formative, as well as 
summative, tool of learning and 
should be central to instruction. 
Furthermore, if the assessment 



doesn’t lead to valuable learning, 
neither the student nor the teacher 
benefits from it. While this asset- 
tion may seem obvious, it has spe- 
cific implications about the 
student’s role as partner in assess- 
ment rather than as a mere recipi- 
ent. Students need to have concrete 
examples and explicit guidelines 
before assessment in order to com- 
pare their progress against a clearly 
understocxl standard. Additionally, 
they need to receive credit for mak- 
ing progress toward that end, rather 
than penalized for not succeeding 
immediately. 

Recent research has fcKused on 
redesigning assessment methods, 
especially in view of the skewed 
publicity that standardized test 
scores have received. In Curriculum 
and Evaluation Standards, the Na- 
tional Council of Teachers of Math- 
ematics asserts that “Teachers need 
to analyze continually what they are 
seeing and hearing and explore 
alternative interpretation of that 
information.”* Some assessment 
experts have suggested alternatives 
such as portfolios, essays, and obser- 
vation checklists. Rather than re- 
placing unit tests or standardized 
tests, these alternatives are meant 
to complement and supplement 



these measures by providing infor- 
mation about what the student 
knows and can do, rather than how 
much the student does not know or 
cannot do. When constructed care- 
fully, the alternative assessments 
also allow analyses of the extent of 
individual and group learning. 

With the information explosion 
of today’s science, the scope and 
sequence has become little more 
than a calendar for "covering” con- 
tent with little time to explore top- 
ics in depth. In this system, students 
who memorize well succeed in ob- 
taining good grades, but that success 
does not insure that the students 
have acquired anything of lasting 
value, or will succeed in their later 
studies. 

So how do we assess what is valu- 
able? The observations checklist is 
one of the easiest ways to implement 
a different assessment method, and 
it is also one of the most flexible. To 
ease record keeping, scoring rubrics 
are developed to allow students and 
teachers to understand what "stan- 
dards” are expected. For instance, if 
we wanted to measure a student’s 
progress in "drawing conclusions,” 
we might use the rubric in Figure 1 . 
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Figure 1 . 



Drawing Conclusions 

Points Characteristics 

0 Fails to reach a conclusion 

1 Draws a conclusion that is not supported by data 

2 Draws a conclusion that is supported by data, but fails to 
show any evidence for the conclusion 

3 Draws a conclusions that is supported by the data and 
gives supporting evidence for the conclusion ^ 



Not only is the scoring system 
easy to learn and use, but specific 
observable characteristics are de- 
scribed so that there is little room 
for misunderstanding or inaccurate 
scoring. The interscorer reliability 
(a strong point of standardized 
tests) is built into the instrument. 
Further, the ubric can be used 
again and again so that a pattern of 
performance can be documented to 
show a student’s progress over time 
in a particular learning area. The 
student can “target” the standard to 
be achieved and can practice to 
become more proficient. This pro- 
cess allows students to assess them- 
selves and their peers, while build- 
ing self-confidence and a 
willingness to take charge of their 
own learning. 

If a teacher used a scoring rubric 



Figure 2. 



in an activity about creating mo- 
tion, it might look like Figure 2. 

A valued skill, creating, is being 
measured. At the end of the grad- 
ing period, the teacher’s document 
ration shows the degree of student 
progress, and that can then be 



translated into numerical grades on 
a flexible scale. For instance, if the 
skill of creating motion was being 
evaluated, and the total possible 
points for all the creating score 
sheets was 36, a teacher may 
choose to call 28-36 points an A, 
20-27 points a B, and so on. There 
is no mandate that a student’s 
grade has to be a percentage value. 
The professional judgment of the 
teacher determines the final 
“weight" of the results. 

Scoring rubrics, however, can be 
misused, and this must be avoided. 
If the rubric does not match a goal 
of the learning experience, or if the 
criteria are too vague, it has no 
place in the assessment program. 
For example Figure 3 is too vague 
to offer guidelines for the student 
oi teacher. It also mixes more than 



one skill, even though both skills 
are valuable to the learning experi- 
ence. 

Students also need to be given 
the chance to show improvement 
in perfoimance. They have the 
right to be able to produce work of 



which they can be proud. Therefore, 
a one-time use of a particular rubric 
is an unfair snapshot of the student’s 
ability' much like the standardized 
tests. ^ 

When used properly, rubrics and 
performance checklists have great 
potential for providing productive 
feedback to students about the . '- 
propriateness of their performance. 
They also have the added benefits of 
helping educators align assessment 
tools with outcomes and perhaps 
niost importantly, empower students 
with the knowledge they need to 
reach and surpass their educational 
goals ■ 



Figure 3. 



Group/Cooperation Skills 

Points Characteristics 

0 Does not work weii 
in the group 

1 Works weli in group 
sometimes 

2 Works well in group 
many times 

3 Leads the group aii 
the time 
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Creating Motion 

Points Characteristics 

0 Fails to participate or create desired motion 

1 Creates desired motion at some designated point of 
the activity 

2 Creates desired motion at more than haif of the 
designated points of the activity 

3 Creates designated motion at all designated points 
of the activity ^ 
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Teaching From 
a Global 
Point of View 



by Victor]. Mayer 



Broadening our 
perspective as our 
universe shrinks. 



T he 1981 launch of the space 
shuttle Columbia was the 
capstone of a long series 
of accomplishments that 
fundamentally changed our 
understanding of our habitat — the 
planet Earth. Our perception of its 
size had been diminishing since the 
time of John Glenn's orbiting of the 
planet, climaxing with the sight of the 
Earth suspended over the Moon's sur- 
face in pictures returned by the lunar 
expeditions. Our space exploits have 
provided a spectacular setting in which 
to consider global education and the 
role it should assume in science 
education. 

Global education is a movement with 
a 20-year history founded primarily 
in social studies education. Global edu- 
cation has been defined as ". . . the 
knowledge, skills, and attitudes needed 
to live effectively in a world possess- 
ing limited natural resources and 
characterized by ethnic diversity, cul- 
tural pluralism, and increasing inter- 
dependence." As such, it incorporates 
aspects of environmental education as 
well as international education. Global 
education has as its central goal the 
establishment of cross-cultural under- 
standing and a cooperative attitude 
toward world problems. 

Our technical accomplishments 
make the achievement of such an in- 
ternational understanding extremely 
important. We will for example, be 
able to transport minerals from the 
Moon and asteroids to factories in 
Earth's orbit, thereby making available 
an abundant supply of these resources. 
We also will, be able to obtain limitless 



energy from the Sun, using solar 
energy collectors placed in orbit by 
advanced versions of the space shuttle. 
The economic realizations of such 
endeavors, however, will require 
international cooperation. 

Our ever-shrinking universe 

More important than the material 
benefits is the expansion of the front- 
iers of knowledge made possible by 
such technological achievements. We 
can now see 8 billion light years into 
the past; halfway to the beginning of 
the universe. The Hubble telescope 
orbiting outside the Earth's atmosphere 
will permit us to look even further 
into the origins of the universe. 
Already we have seen sights in our 
own solar system that no one had 
predicted. The Voyager flybys of the 
outer planets have provided us with 
views of erupting volcanos on lo, a 
moon of Jupiter, and an immense 
storm system on Neptune. The ad- 
vantages of international cooperation 
were amply demonstrated by the 
Soviet and European effort to obtain 
close-up information during the recent 
passage of Halley's Comet. Space pro- 
grams are providing nations with a 
startling new perception of their place, 
not only in our world society, but in 
our solar system and our universe. At 
the same time, the spectacular failures 
of our technology, such as the Chal- 
lenger disaster that took the life of 
Christa McCauliffe and h?r fellow 
astronauts and the Chernobyl accident 
which spread nuclear debris coun- 
tries around the world, remind is of 
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the limitations of our technology, the 
fragility of human existence, and of 
the shared destiny of all nations on 
our planet. 



Science as a model for global 
education 

Our accomplishments and failures are 
technological. They result from appli- 
cations of the accumulated principles 
and facts uncovered by the work of 
thousands of scientists throughout 
history. One of the basic problems in 
achieving an international understand- 
ing is the difficulty in establishing an 
understanding among peoples acrc'jss 
the barriers of language and culture. 
Science can provide a useful model, 
since scientists of all languages and 
cultures have a subject of study in 
common — our Earth — and a process 
they use to study it. 

They start with an accurate descrip- 
tion of observations and then logically 
develop arguments and interpretations 
based on those observations. Science 
is a collective endeavor. Scientists will 
challenge each others' results and 
attempt to replicate them. As individ- 
uals, they possess all the frailties and 
fallibilities characteristic of the human 
state. They make mistakes. They may 
even intentionally falsify data. But sci- 
ence has correcting mechanisms. Mis- 
takes and falsified data will be revealed 
by the work of others. The result c^f 
this process is a prcxluct that accurately 
represents nature in as far as the 
available evidence allows. Science, 
therefore, is ethical and honest. It 
simply seeks the best representation 
of the natural world. Thus, science is 
amoral; that is, it seeks neither right 
nor wrong, only the best explanation. 
Leaders in government, industry, busi- 
ness, and society select from among 
the principles and infc^rmaticm made 
available by science. They may use it 



Sfifellife Nl, discovered Voyager 1 
(left). Triton from 80 000 miles (right). 



Global education 
should be a thread 
running through 
science curriculunu 



in ways others may judge as right or 
wrong, moral or immoral. 



The effects of technology 

Science prc)vides knowledge that can 
be used to improve our living stand- 
ards. Industrial and political leaders 
make decisions that apply this knowl- 
edge as technology. Technology does 
not have the self-correcting mechan- 
isms that science does and, therefore, 
lacks its ethical base. Knowledge can 
be used in different ways — for the 
long-term benefit of all, for short-term 
pt'tlitical gain, or for destructive pur- 
poses. Even when used for the most 
beneficial purpt)ses, the technological 
use of knowledge can be destructive if 
the long-range results have not been 
considered. For example, the manner 
in which our leaders have responded 
to energy needs reflects their failure 
to understand the long-range implica- 
tions of excessive energy consumption. 
Decisions have been made that max- 
imize the short-term gain or profit 
from energy use but result in long- 
range problems. Our exploitation of 
fc^ssil fuels — including coal, oil, and 
natural gas — has had lasting detri- 
mental effects upon our environment. 
Sc^me are readily recognized: the rav- 
aged landscape of strip-mined areas of 
Ohio and West Virginia and the oil 
spills from damaged tankers such as 
the Exxon Valdez. Other effects, 
though more subtle, arc perhaps much 
more threatening to our survival. 

One issue c^f global concern is tht' 
intrcxduction of carbon dioxide into the 
atmosphere through the burning of 
fossil fuels and the resulting en- 
hatuement c^f the "Greenhe^use Effect." 
There are alternatives to the use of 
fossil fuels, such as nuclear energy. 



solar energy, and conservation. To 
shift our emphasis to these alterna- 
tives, however, requires understand- 
ing, commitment, and leadership. 



Global education, 
science, and technology 

The scientific approach can provide a 




— Pheio courtfsy of Jet Propulsion Laboratory 



model for achieving dialogue among 
peoples of different languages and 
divergent cultures. Thus, global edu- 
cation should be a thread running 
through science curriculum. Our 
future leaders and voters (today s stu- 
dents) must understand our interrela- 
tionships with peoples around the 
world and how our daily activities 
affect our planet and its resources. If 
they are to make wise decisions con- 
cerning the application of scientific 
infe^rmation, students must realize that 
it can benefit or can damage the lives 
of all. Our leaders must be prepared 
to draw on scientific findings not for 
their c^wn self-interest but for the sake 
of the common good; in the interests 
of all the world s p>eople. In many ways, 
the science teacher can be central to 
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accomplishing this goal. Therefore, it 
is important that teachers and cur- 
riculum developers understand the 
gcxils of global education and how it 
relates to the science curriculum. 

Including global 

education in science curriculum 

How can you incorporate activities that 



The investigations 
draw upon 
a variety of 
disciplines in 
addition to science 
and social studies. 



lead to global understanding into your 
curriculum which is already over- 
burdened? Teachers working in marine 
and aquatic education have developed 
an infusion model that could prove of 
some help. We have used their model 
in a series of investigations designed 
to impart marine and/or aquatic infor- 
mation. These activities are developed 
around basic topics or concepts already 
taught in middle schcx)!. The investi- 
gations draw upon a variety of dis- 
ciplines in addition to science and social 
studies. They are short and self- 
sufficient and thereby easily inserted 
into existing curricula. 

An example of one such investiga- 
tion, entitled It's Eirryori/s Sen: Or Is It?, 
explores the interests of different 
countrit'S in using the sea as a resource. 
It starts with a map- reading exercise 
that asks students to identify topo- 
graphic features of the Atlantic Ocean 
Basin and to Icxate major resources- - 
including potential oil reserves on con- 
tinental shelves, manganese nodule 



deposits in some of the deep ocean 
basins, and the major fishing areas. 
They also examine *-he position of eight 
countries relative to seas, ranging from 
landlocked nations such as Bolivia to 
island states such as Bermuda. 

1 he second part of the exercise is a 
simulation of the Law of the Sea Con- 
ference. The class is divided into groups 
representing eight countries. Each 
delegation presents its positions on 
resolutions concerning the right to free 
passage of ships, pollution control, and 
the allocation of sea resources. In the 
third part of the investigation, students 
examine the manner in which inter- 
national borders are designated and 
analyze the sources of border conflicts 
between Canada and the United States, 
Through this activity, students learn 
that problems of resource use are not 
solved merely by the technical applica- 
tion of scientific knowU'dge, Rather, 
solutions require informed guidance 
by pt'jlitical specialists, frequently in an 
international context. 



Preparing teachers 

We have used the infusion approach 
to prepare future teachers in global 
education. Working with one of our 
faculty members in social studies edu- 
cation, who is also a national leader in 
gk'bal education, we developc’d a series 
of activities and integrated them into 
topics normally taught during cnir 
science methods overview. They in- 
clude: the nature of science, critical 
reading skills in science, and the use of 
simulations. The activitic's not only 
provide our students with a global 



Students should lenrn to recognize the global 
threat posed by LA's smog (above) and the 
Amazon's deforestation (right). 

perspective, but also can provide ideas 
for secondary school science teachers 
who may be trying to incorporate some 
of the objectives of global education 
into their courses. The activities take 
about five 2- hour long class periods. 

The first activity is a review of the 
nature of science using an analysis of 
creationism and evolutionary theory 
as science. It begins with a presenta- 
tion of the filmstrip Snoit/fiV Methods 
and (Hawkhill Associates, Inc., 

125 E, Gilman St,, Madison, WI 53703), 
and students read the Overton Deci- 
sion (Rev, Bill McLean vs, Arkansas 
Board of Education, Opinion of Wil- 
liam R, Overton, United States Dis- 
trict judge). The lattcT is discussed, 
emphasizing the differences between 
scientific theory and religious precepts. 
From this discussion, students develop 
a set of criteria that allow them to 
discriminate between scientific and 
religious ideas. 

We also have the students read an 
article that summarizes creationists' 
evidence regarding the coexistence of 
dinosaur and human footprints (Milne, 
David H„ and Steven D, Schafesman. 
"Dino uiur Tracks, Erosion Marks, and 
Midnight Chisel Work (But No Human 
Footprints) In the Cretaceous Lime- 
stime of the Paluxy River Beds, Texas." 

of 31:111 1 23, 

1*^83). Some of the teaching materials 
developed by the Creation Research 
Institute of San Diego, C-'lif,, are ana- 
lyzed using the criteria developed in 
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the discussion. This module helps stu- 
dents achieve a better understanding 
of science as a reasoning process and 
as a discipline; two aspects that are 
essential to an appreciation of the 
importance of science in global issues. 

Students then view an episode of 
PBS's NOVA that focuses on Steven 
Jay Gould's trip to South Africa. Dur- 
ing the program, Gould discusses the 




The unit 
concludes with 
a discussion of 
the role of the 
science teacher in 
global education. 



development of the concept of human 
evolution, how scientists allowed their 
prejudices to affect their interpretation 
of data, and what influences these in- 
terpretations had upon social and eco- 
nomic policies in certain countries. The 
program and subsequent discussion 
point out the interdependence of the 
world's nations and the manner in 
which science can be used to either 
cause or alleviate problems. 

A rounded education 

Our next section begins with a 
presentation of the filmstrip "Who 
Owns the Oceans?," which provides 
an overview of the various interests 
that nations have in the sea (Current 
Affairs Films, PO Box 398, 24 Dan- 
bury Rd., Wilton, CT 06897). The first 
two parts of the activity. It's Everyone's 
Sea: Or Is If?, described earlier in this 
article, are then used to point out the 
interdependence of nations. 

An environmental section follows 
with two activities that demonstrate 
environmental problems shared by 
several countries. One is a simulation 
on acid rain that was described in the 
April 1984 issue of The Science Teacher 
("The Acid Rain Debate." Bybee, 
Rodger, Mark Hibbs, and Eric John- 
son). The other is a lab activity on the 
effects of atmospheric carbon dioxide 
and the Greenhouse Effect taken from 
the February/March 1986 issue of Sci- 
ence Aefivilies ("The "Greenhouse Effect." 
Andrews, David). 

This section concludes with a pre- 
sentation of information about acid 
rain developed by two different sour- 



ces. One is a videotape prepared by an 
Ohio power company, "Energy and 
Electricity," (NSTA/Columbus and 
Southern Ohio Electric Company 
Honors Workshop for Teachers). The 
other is a filmstrip set prepared by a 
Canadian agency, "Acid Rain: The 
Barriers to a Solution." (McIntyre Vis- 
ual Publications, Inc., 716 Center St., 
New York, NY 14092). They take 
drastically different positions on what 
science has to say regarding the prob- 
lems and sources of acid rain. Our 
students critically analyze each o^ the 
programs for emotional loading and 
factual errors. They also discuss the 
international implications of acid rain. 

The unit concludes with a discus- 
sion of the role of the science teacher 
in global education and the techniques 
that can be used to integrate it into 
science teaching. Teachers of all dis- 
ciplines, especially elementary school 
teachers, need to recognize the impor- 
tance of science in the curriculum not 
simply as science per se, but in how it 
relates to the social, political, and eco- 
nomic spheres of human endeavor. 
We must also consider the products of 
science and how they can be used for 
the betterment or detriment of our 
life on Earth. We must see science as a 
bridge to other cultures and as a basis 
for communication. A focus on global 
education can help our students to 
realize that a sharing of ideas and co- 
operation among cultures is to the 
benefit of all. The science teacher can 
be a key figure in accomplishing this 
goal. ■ 



For furfher reading 

Gilliom, M.E., "Global Education and the Social 
Studies." Theory Inh Practice. Summer, 1981, 
p. 170. 

Note 

If you are interested in obtaining materials from 
"It's Everyone's Sea: Or is It?" (Mayer, Victor]., 
and Stephanie Ihle. Columbus. Oceanic Educa- 
tional Acitivities for Great Lakes Schools, Ohio 
Sea Grant Program, 1981 , 1987.), please con- 
tact the author for further information. 



The Science Teacher/ janunry 1 990 



123 




Resources for Implementing 
Earth Systems Education 



In this section we provide a wealth of information on resources that will be needed to develop and implement an Earth 
Systems Education curriculum. First and most important are suggestions on how to obtain money from sources outside 
cfthe school system. Of course, we would really like to expect that the school system itself would be able to provide all of 
the mmey necessary to release teachers, to prepare them, to provide technology and materials, etc. But we too have lived 
in the "real world." Fortunately, because cfthe current national concern about the improvement of science and math- 
ematics in American schools, there are many sources available. They include the National Science Foundation, the 
Dwight D. Eisenhower program, state environmental protection agencies, business and industry, the National Science 
Teachers Association, just to mention a few sources. The information provided here was developed by Carol Landis, a 
former PLESE staff member. We hope it will start you on the road to successful "grantsmanship." 

Following that is a section that includes a bibliography of the "best" curriculum resources available for Earth Systems 
curricula as judged by experienced PLESE teachers, a bibliography Of a variety of books to provide background informa- 
tion for both teacher and student, suggestions for the inclusion of music in the curriculum by Lyn Samp, one of our 
PLESE teachers, and finally, a list of PLESE teacher team leaders. We trust that you can find a teacher experienced in 



the Earth Systems philosophy, if you are not one yourself, to 

Grantmanship: Tips for Beginning 
Grantseekers 

This section is intended to offer information to 
"grantseekers" by providing hints toward successful 
"grantsmanship" and even to suggest "grants- 
pertise" as an addition to "grantspeak," in that 
expert management and administration of grant 
monies is evidence of true success in this competi- 
tive arena. The process can seem daunting to the 
novice, so this synopsis of several resources is 
offered as a file sheet, for quick reference as you 
begin to apply for grants. 

So, where do you begin? Well, without sounding 
too obvious, it is wise to start at the beginning, 
which is to say that while some people may hur- 
riedly "throw together" a grant proposal, it is wise 
to humble yourself and play by the rules. The rules 
are really quite explicit, but there are tips that might 
offer your proposal an advantageous characteristic 
that zeroes in on the target of the funding agency in 
the most concise, yet well presented and compelling 
way. Much has been written about this topic, so a 
synopsis of the readings is given here. A biblio- 
graphic list of frequently cited references is offered 
on page 67 for your fur^er exploration of this 
sul^ect. 



assist you with developing your progmm. 



Let's get started. Some advice to "grantseekers:" 
Consider your goals. What educational outcomes 
do you want to accomplish that can't be done now 
witirout outside financial support? This is not a 
wish list — it's hard-sell time! So think in terms of 
pedagogy and curricular development. Base your 
proposal on educational premises that have been 
given considerable thought. Be clear about your 
goals as you begin this process. (And when the time 
comes, ertsiue ^at your proposal makes these goals 
clear to the reviewers.) 

A logical but often overlooked step is to seek assist- 
ance from a more knowledgeable person. Find 
someone in your district or in a supportive organiz- 
ation with more experience in grantseeking and a 
willingness to offer advice and time to assist you in 
your efforts. This person may be knowledgeable 
about grant monies already received (both locally 
and recently), as well as currently imtapped sources. 
If you find that money has already been given for a 
siinilar project, plan to build on the work already 
begun by that funded project, explaining why and 
how your effort will add to the success of meeting 
the goals of the funding source. 



®The Ohio State University Research Foundation, 1995 
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Check funding sources for compatibility with your 
intent and to see if your situation meets their 
criteria; and be ready to start small. While some 
foundations' and organizations' grants programs are 
well-known, a novice in the grantseeking arena may 
find it productive to conduct a thorough search for 
lesser known sources, particularly if your needs 
could be met with a smaller amount of support. 

Many times local organizations and corporations 
have funds that can be appropriated more fre- 
quently and without requiring board approval. If 
so, contacts within these organizations can be most 
helpful. For instance, inquiries may be routinely 
directed to a single individual. When you write or 
call to request guidelines and application forms, it is 
a good idea to ask for an annual report and other 
documentation of their organizational goals, fund- 
ing patterns, and shifts in funding priorities. Per- 
haps they would also supply you with a copy of a 
recent grant proposal that was funded. They may 
allow/ encourage you to submit a preliminary 
proposal, the review of which can provide important 
input regarding problems (and strategies for correct- 
ing them). If so, take this opportunity seriously and 
prepare it carefully. Remember to express your 
sincere appreciation for the help that you receive (in 
a timely and appropriate way)! 

Now the "grantsmanship" part: Write concisely. 
Work from an outline and use a word processor. 
Several times during the writing process, get an 
opinion from someone who has served as a grant 
reviewer. Be attentive to every specification out- 
lined in the Request For Proposals ("RFP" in 
"grantspeak"), and be clear, yet concise. This does 
not mean that you should be excessively brief. 
Kinnamon suggests (in Electronic Learning, Jan. 1991) 
that you "exceed the minimum requirements of the 
grant in both content and detedls" while keeping 
within the guidelines regarding length and format. 
State clear objectives that describe how students will 
benefit. Be sure that you have considered what is 
necessary in order for your project to be enabled and 
successful. . .recruitment, staff (a team approach as 
opposed to your lone effort?), advisors, materials, 
TIME, phases of action, etc. Include a good evalu- 
ation plan. Produce a draft far enough in advance of 
submission deadlines to allow for editing and any 
necessary revisions resulting from critiques by your 
advisory group. Take time to reflect on your work 
(taking a few days away from it) for self-examin- 
ation and consideration of any weaknesses or 



omissions in the presentation of the ideas. Be es- 
pecially thorough in production of the budget. Get 
the information (such as model numbers, current 
prices, suppliers, handling/ shipping charges, etc.) 
that you need and document your source. Clearly 
establish (and include documentation of) the will- 
ingness of an entity to act as your fiscal agent. Be 
sure your building principal knows about and sup- 
ports your plan. Remember: proposals should be 
short, succinct, easy to read and to understand! 

Initial conditions require that you be very familieir 
with the criteria for your proposal, becaxise they will 
be used by the evaluators to produce the overall 
rating your proposal achieves. Often, components 
of your proposal will be given a numerical rating 
compounded by the "weight" assigned to each 
criterion. 

Your goal in producing your proposal is to provide 
information, in as readable and clear a manner as 
possible, about how your efforts will meet the 
funder's objectives. Acknowledging that stance, 
then you should also: 

• "Write and organize the proposal exactly to the 
criteria the reviewer will use in the evaluation 
process." If community involvement is re- 
quired, it should appear in the table of contents 
in the correct position among the proposal 
guideline headings. 

• Use "bullets" and other identifiers of key points 
to ensure that they aren't overlooked. 

• At first mention, always identify an organization 
by its full name (listing an acronym for later use, 
if you wish). State the relationships among 
people, curricula, and organizations. Don't 
assume the reader is awcire of your working 
context. Consider providing a reference list in 
the appendix if you have a lengthy list of 
organizations with acronyms. 

• Be specific. Over-generalization and broad 
sweeping terms can mask your real purpose. 

• DON'T play font-size fun! Smaller type and 
reduced pages are tiring to reviewers' already 
strained vision and concentration. 
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• Being specific about the evaluation methods you 
will use is very important. Get help if you don't 
feel confident in your understanding of evalua- 
tion. 

• If you state that you will have assistance (part- 
ners, advisors, other schools, etc.) then docu- 
ment this with letters explicitly stating their 
intent to participate in the appendix. 

• Be realistic — "a well-defined, attainable project . 
is scored better than a grandiose one that leaves 
the reviewer doubting your focus and credibil- 
ity." 

• "Substantiate the needs for the project." Cite 
surveys or other documentation of the validity 
of your problem. 

• Be specific and professional in displaying 
knowledge of benchmarks, national trends, etc. 

• Collegiality may be critical to your success. 
Having people with established credibility in 
education (such as university liaisons) may be 
very helpful to your proposal. 

• One last time: "Be specific!" 

Chesebrough, David. ASTC Newsletter March/ 
April 1993. 

Selectively produce an appendix that includes letters 
of support, examples of evidence documenting your 
ability to c£urry this project to its successful com- 
pletion, vitae, detailed timelines, and other materials 
that defend your proposal. But don't bury the 
reader in nonessentijd materials. Find out if there 
are page limitations for the appendices! 

Double check every detail and prepare cover sheets, 
a timeline, and data tables as required. Check every 
place that requires a signature. Prepare the correct 
number of copies and remember to back up any 
materials on your computer's hard drive to a floppy 
disk. Save a paper copy for your files. Send it in a 
traceable manner (UPS, Federal Express, Express 
Mail, return receipt requested, etc.) in order to meet 
the deadlines. You may wish to notify the funding 
source to expect your proposal. Think positive 
thought ! 



And now, you wait. Just in case you're curious 
about what happens while you're waiting, here's a 
brief outline of *e typical handling of your pro- 
posal. Usually, the receipt of your proposal is 
acknowledged and it is catalogued for internal 
tracking purposes. There may be an internal review 
and a subsequent peer review process that occurs at 
a single location or with responses "mailed" in 
(either electronically or by surface courier). Analy- 
sis of these reviews is used as a basis for funding 
decisions, along with consideration of the area of 
need that the proposal meets, and the monies 
available for that particular need. The decision- 
making panel reconunends funding, and action is 
taken to notify grantseekers of their status. This may 
occur weeks or months after you've submitted your 
proposal, so be patient. 

It's not over, until it's over! When you learn the 
decisions regarding awards, try to get feedback. If 
you received funding, try to get information about 
the winning features of your proposed, those that 
were most impressive to the funding agency. If your 
proposal was not successful, consider that you have 
gained valuable experience, but also request feed- 
back to learn even more about how you can improve 
your proposal in the future. And, if you revise this 
proposal for submission next yecir, be sure to state 
the manner in which you addressed the concerns of 
the reviewers. Resubmission is worth your time, 
since the success rate of approval the second time 
around is much higher. 

Follow through with "grantspertise." This term 
refers to the expertise with which you manage the 
grant money and demonstrate your skills as a 
project adndnistrator. Be thorough — take time to 
make notes to yourself about new insights you have 
gained (but may no^ remember at this time next 
year). Interact with other successful grant recipients 
and learn from their experiences. Do what you 
promised to do... deliver! The administration of 
your project, enabled by grant money, cdso requires 
attention. Document progress and stages of com- 
pletion. The funding agency may require such 
documentation, but if not, it may prove to be useful 
to you in the future (as evidence of your successful 
efforts) for a subsequent grant proposal. Conduct 
formative AND summative evaluations, and act 
upon what is learned from those procedures. 
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Suggestions for successful grant administration 
offered in Smith's ABC's of Grantsmanship include the 
following: 

1) In a project developed by a team, select one 
person to be the "contact" who is in touch with 
the funding agency. 

2) Likewise, send any correspondence to a person. 
the contact officer, not just to an address. 

3) When signing documents, always put the date 
and title of the person signing. 

4) When subnutting a continuation proposal, 
resubmit all required materials rather than 
referring to materials on file. 

5) Include the identification number and project 
name on all correspondence. 

6) Be as direct and specific as possible in all 
correspondence. 

7) Always ask before making any changes In the 
budget. 

8) In addition to occasional letters or phone calls to 
provide updates on the progress of your project, 
always send copies of project newsletters, year- 
end reports, etc. to the funding source. 

9) At the completion of the project, complete and 
submit all required reports and statements in a 
timely and professional marmer. 

Finally, keep an idea box and contribute to it regu- 
larly. Next year when you receive the RFPs, a great 
idea may be there, among the many, waiting for 
elaboration and development ... a 
rudimentary proposal! Grantsman- 
ship can be both rewarding and 
contagious. Three central Ohio 
middle school teachers learned of 
the rewards and tribulations of a 
successful teacher-written proposal 
in their first effort at "grantsman- 
ship." Their story follows. 



Agency. The project is now operational. Shirley 
Brown of Clinton Middle School (Columbus City 
Schools), Dave Crosby of Park Street Middle School 
in Grove City (South-Western City Schools), and 
Dan Jax of Bexley Middle School (Bexley Schools) 
have implemented field projects for students and 
their parents that are focused on Understandings 1, 

2, 3, 5, and 7 of the Earth Systems Education Frame- 
work. 

Activities include the monitoring of the water 
quality of two watersheds in Central Ohio: the Alum 
Creek watershed which runs through a heavily 
developed area, and the Big D^by watershed which 
runs through predominantly farm and park land. 
Students share their data between the three schools 
via a computer network and analyze the differences 
between the two watersheds. Another component of 
the project is a series of field trips for students and 
their parents to natural areas within each of the three 
communities. They have also cooperated on the 
development and production of an activity guide to 
be used in teaching their Earth Systems classes. 

Money from the $50,000 grant has been used to 
purchase computers, software, and teaching materi- 
als for the thrw schools; to defray field trip ex- 
penses; and to provide stipends for teachers imple- 
menting the after-school activities of the project. 








ESE Middle School Field 
Project 




working in the 
Ohio Earth Systems 

school 

a to the 

Ohio Environmental Protection ^ , • , • . 

Central Ohio middle school teachers take a field trip to an outdoor education 

location, Dan Jax, PLESE Associate Director is at 
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Eisenhower as a major source of 

FUNDS 

A major source of funds used in developing Earth 
Systems Education programs has been the 
"Eisenhower" program. As a teacher or administra- 
tor seeking to address change in yovir science 
programs, we would suggest you consider seeking 
funds for teacher enhancement from that source. 
Following is a description summarized from an 
article which appeared in the 1993 May/June issue 
of NSTA Rq^orts. 

The U.S. Department of Education administers the 
Dwight D. Eisenhower Mathematics and Science 
Education Program which was designed to improve 
the skills of teachers and the quality of instruction in 
science and math in both public and private elemen- 
tary and secondary schools. The funds most acces- 
sible to teachers are those for activities implemented 
by state and local education agencies or by institu- 
tions of higher education. A top priority is support 
for inservice teacher training, with additional 
emphasis on increasing the career and instructional 
opportunities for underrepresented and under- 
served populations, as well. 

About 75% of each state's funds are for elementary 
and secondary education and most of that money is 
distributed to local school districts... but the district 
must apply for these funds. The application may 
involve a teacher advisory group in the identifica- 
tion and statement of the needs of the district. 

Check with your district adininistration to find out 
what programs are currently being supported with 
these funds. 

Funds can be used for expcinsion of teacher-training 
(including preservice and inservice training and/ or 
retraining); recruitment and retraining of minority 
teachers; traiiung related to instructional technolo- 
gies (there are restrictions on the use of money to 
purchase equipment); integration of higher-order 
thinking and problem solving skills into the math 
and science curricula; and "mini-grants" to indi- 
vidual teachers for projects to improve teaching 
skills and/ or instructional materials. The statement 
of the district's local priorities in its yearly plan 
outlines and limits what the money can be spent for 
during that year, so it is best to get involved in the 
pre-application stage when those needs are being 
identified. 



Remember that institutions of higher education also 
are awarded money on a competitive basis. The 
money can directly benefit local schools through the 
development of partnerships. Applications for these 
grants must include a written agreement between 
the college or university and one or more local 
schools or districts. Such partnerships are especially 
successful if they also include nonformal education 
partners such as museums, laboratories, professional 
organizations and businesses, and industries. 

What should you do? Contact your district's 
coordinator of Eisenhower funds. After that, contact 
your state's elementary and secondary Eisenhower 
coordinator (often someone in the state education 
agency or the state science/ math supervisor). You 
should also ask who your state's hi^er education 
"IKE" coordinator is and what kinds of programs 
are currently being funded, as well as information 
about the next opportunity to apply. Ask to be 
placed on their mailing list! Last, but not least, talk 
with faculty members at a local college or university 
to find out if they might be interested in developing 
a grant proposal with you. Talk to these people first 
about your ideas for obtaining funds for yourself or 
for your school. 

If you need more details, a good source is "Excerpts 
from the Eisenhower Mathematics and Science 
Education Program Regulations," available from the 
Eisenhower State Program (Dwight D. Eisenhower 
Mathematics and Science Education Program, U.S. 
Dept, of Education, 400 Maryland Ave. SW, Wash- 
in^on, DC 20202, telephone 202/401-1336). Tech- 
nical assistance is also available from Triangle 
Coalition for Science and Technology Education, 
5112 Berwyn Rd., TTiird Floor, College Park, MD 
20740, telephone 301/220-0879. 




steering Committee for the Central Ohio Middle School Program 
meets to plan future activities. 
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Using Ike — ^The Marysville experience 

The following contribution was adapted from an 
article written for the Autumn 1993, issue of the 
PLESE Newsletter, PLESE Note. . . It demonstrates 
one of the ways m which Eisenhower funds can be 
used in a partnership between an institution of 
higher education and local school districts. It was 
written by Bill Steele from Marysville Middle 
School, Marysville, OH. 

The science program at the middle school had 
remained quite stagnant for many years. The 
standard "general, life, and Earth" sciences com- 
prised our text“C*wtated curriculum in grades six 
through eight respectively. One revision of curricu- 
lum amounted to nothing more than paraphrasing 
the table of contents from the text selected for that 
particular five to ten year period. It was apparent to 
all department members ttiat the time for substan- 
tive change was long overdue. 

A breakthrough was achieved in 1991 when our 
science staff became involved in a restructuring 
project with middle schools from nine districts and 
The Ohio State University. Realizing that we shared 
many problems (such as lack of time to plan to- 
gether, not enough materials, and dictates from "on- 
high" — i.e. school boards, state departments of 
education, etc.), the discussion among participants 
then moved on to see what could be done about 
these concerns. The project itself was a tremendous 
help since the entire science department from a 
school in each district met for more than two days a 
month (one school day, one Saturday, and one after 
school meeting) to map strategies to create a more 
useful and responsive curriculum. The time was 
well spent. We quickly arrived at the consensus that 
there was much more to teaching science than those 
things listed in a textbook. We met with many 
individuals with expertise in both teaching and 
science disciplines. We visited other schools and 
science education facilities such as parks and 
museums. Finally, we had the confidence to create 
our own science program to fit the needs of our 
students. 

The "seven understandings" of Earth Systems 
Education provide the focus for our middle school 
program now. While recognizing content as being 
important, we have decided to place a much greater 
emphasis on process skills that will provide our 



students with the tools to learn about the world they 
live in, and continue to use throughout their lives. A 
common theme at all three grade levels will be 
monitoring conditions at Mill Creek Park which is 
being developed as an outdoor lab facility for our 
district. Each grade will evaluate specific elements 
of the area as developmentally appropriate. Data 
will be shared among all grades along with the local 
elementary schools and the other two county school 
systems. Likewise, similar data collected at the 
county schools will be shared with us. Each grade 
level at Marysville Middle School will also develop 
some individual themes. "Trees and Forests" is a 
grade six theme. "Ecosystems of the USA" is one for 
the seventh grade and "Disasters; Man-made and 
Natural" is a representative title for a grade eight 
theme. While ten to fifteen themes per grade will be 
developed, not all will be covered each year. De- 
pending upon teacher expertise, materials available 
and current importance, a theme may or may not be 
covered in any particular year. At the same time, 
themes may be added or eliminated for the same 
reasons. The unif)dng idea behind each theme at 
each grade level is how it will relate to all the Earth 
systems — atmosphere, biosphere, hydrosphere, and 
lithosphere. 

We are still very much in the formative stages of 
developing our new program. The "Earth Systems 
Education" concept has provided both an impetus 
and a focus to allow comprehensive reform to occur. 
Over the next several years, the program should be 
completed. The ESE concept is dynamic enough to 
allow any science program to adjust to an ever- 
changing school and global environment. 

Feel free to contact us if you have any questions. 

Bill Steele, Chris Hoehn, Laura Koke, Grayce Ann 
Kleiber, and Kevin Sampsel, the science staff at 
Marysville Middle School, 833 N. Maple St., 
Marysville, OH 43040. 
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The Best Sources of AcnvmEs for an Earth Systems Curriculum 



During the last day of the 1993 PLESE workshop in Greeley, participants were asked to identify the ten best resources 
for Earth Systems compatible activities at their teaching level. Each group did this, the elementary team, middle school 
team, and the high school team. If you had limited funds and wanted to purchase the best book shelf of ref erence materi- 
als for go^ activities — here they are. Many of the publications are available through the National Science Teachers 
Association. We have provided the catalog number for many of these. 




Allen, D. 1991. Hands-On Science! 112 Easy-to-Use, 
High-Interest Activities for Grades 4rS. West Nyack, 
NY: The Center for Applied Research in Education. 



Braus, J. (ed.). 1989. Ranger Rick’s NatureScope. 
Washington, DC: National Wildlife Federation. 
Activity titles include the following: 

Amazing Mammals 

Astnmomy Adventure 

Birds, Birds, Birds 

Digging into Dinosaurs 

Discovering Deserts 

Endangered Species: Wild and Rare 

Geology: The Active Earth 

Incredible Insects 

Let’s Hear It For Herps 

Pollution: Problems and Solutions 

Rain Forest: Tropical Treasures 

Trees are Terrific 

Wading into Wetlands 

Wild about Weather 

Wild and Crafty 

Johnson, J. 1986. Sidewalk Field Trips. Grand Rapids, 
MI: Instructional Fair, Inc. 

Lind, K.K. 1991. Water, Stones, & Fossil Bones. Wash- 
ington, EXZ: National Science Teachers Association. 
(NSTA #PB089X) 

Lingelback, J. (ed.). 1986. Hands-on-Nature: Informa- 
tion and Activities for Exploring the Environment with 
Children. Woodstock, VT: Vermont Institute of 
Natural Science. 

Seabury, D.L. 1994. Earth Smart. West Nyack, NY: 
The Center for Applied Research in Education. 

Sheehan, K. and M. Waidner. 1991. Earth Child. 
Tulsa, OK: Council Oak Books. (NSTA #OP200X) 



Wiebe, A. (ed.). 1994. Actixnties Integrating Math & 
Science, AIMS. Fresno, CA: AIMS Education Founda- 
tion. 




Bosak, S.V. 1991. Science is... A source book of fascinat- 
ing facts, projects and activities, 2nd edition. Richmond 
Hill: Scholastic Canada, Ltd. 



Caduto, M.J. and J. Bruchac. 1989. Keepers of the 
Earth. Golden, CO: Fulcrum Publishing. (NSTA 
#OP080X1) 

Caduto, M. J. and']. Bruchac. 1989. Keepers of the 
Earth: Teacher’s Guide. Golden, CO: Fulcrum Publish- 
ing. (NSTA#OP080X2) 

Caduto, M.J. and J. Bruchac. 1991. Keepers of the 
Animals: Native American Stories and Wildlife Activities 
for Children. Golden, CO: Fulcrum Publishing. 
(NSTA#OP080X5) 

Caduto, M.J. and J. Bruchac. 1991. Keepers of the 
Animals: Teacher's Guide. Golden, CO: Fulcrum 
Publishing. (NSTA#OP080X6) 

Project Wild Committee. 1987. Project Wild: Aquatic 
Education Activities Guide. Western Regional Environ- 
mental Education Cotmcil. 

Western Regional Environmental Education Cotmcil 
and The American Forest Foundation. 1990. Project 
Learning Ti-ee: Activity Guide for K-6. Western 
Regional Environmental Education Council. 

Western Regional Environmental Education Council 
and The American Forest Foundation. 1990. Project 
Learning Tree: Activity Guide for 7-12. Western 
Regional Environmental Education Council. 
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Great Exploratiorrs in Mathematics and Science, 
GEMS. Berkeley, CA: Lawrence Hall of Science, 
Univ. of Calif., Berkeley. Activities titles include the 
following: 

Acid Rain 

Bubble Festival 

Bubble Ology 

Buzzing a Hive 

Color Analyzers 

Crime Lab Chemistry 

Earth, Moon, and Stars 

Experiments with Model Rockets 

Fingerprinting 

Frog Math: Predict, Ponder, Play 
Global Warming the Greenhouse Effect 
Height 0 Meters 
Hide a Butterfly 

Hot Water and Warm Homes from Sunlight 

Involving Dissolving 

Liquid Explorations 

Mapping Fish Habitats 

Of Cabbages and Chemistry 

Oobleck What Do Scientists Do? 

Quadice 
River Cutters 
To Build a House 
Vitamin C Testing 
(All are available from NSTA) 



Gartrell, J., J. Crowder and J.C. Callister. 1989. Earth, 
The Water Planet. National Science Teachers Associa- 
tion. (NSTA#PB076X) 



Stein, S. 1988. The Evolution Book. New York: 
Workman Publishing. 

Stein, S. 1979. The Science Book. New York: Work- 
man Publishing. 

National Science Teachers Association. 1989. Jason 
Curriculum, Grades 4-6; Grades 7-9; Grades 10-12. 
Arlington, VA: NSTA. 

National Science Teachers Association. 1991. 
Galapagos Jason Curriculum. Arlington, VA: NSTA. 



American Chemical Society. 1988, 1993. ChemCom 
Chemistry in the Community. Dubuque, lA: Kendall/ 
Himt Publishing Company. 



Fortner, R.W. and V.J. Mayer. 1993. Activities for the 
Changing Earth System. Columbus, OH: The Ohio 
State University Research Foundation. 



Great Explorations in Mathematics and Science, 
GEMS (see Middle School list). 



Kupchella, C.F. and M.C. Hyland. 1993. Environmen- 
tal science — Living within the system of nature. 
Englewood Cliffs, NJ: Prentice Hall. 

O'Connor, M. and N. Chenery. 1990. Living Lightly 
on the Planet, A Global Environmental Education 
Curriculum Guide. For Grades 7-9. Milwaukee, Wl: 
Schlitz Audubon Center. 



Lawrence Hall of Science. Chemical Education for 
Public Understanding (CEPUP). Menlo Park, CA: 
Addison-Wesley Publishing Company. Titles 
include: 

Chemical Survey: Solution and Pollution 
Determining Threshold Limit 
Investigating Chemical Processes: Your Island 
Factory 

Investigating Ground Water: The Fruitvale Story 
Toxic Waste: A Teaching Simulation 
The Waste Heirarchy: Where is Away? 



O'Coimor, M. and N. Chenery. 1990. Living Lightly 
on the Planet, A Global Environmental Education 
Curriculum Guide. For Grades 10-12. Milwaukee, WI: 
Schlitz Audubon Center. 

Trefil, J.S. 1984. A Scientist at the Seashore. New York: 
MacMillan Publishing Company. 

Yulsman, T. (ed.). 1994. Earth. 3(5). Kalmbach 
Publishing Co. 



Project Wild Committee. 1987. Project Wild: Aquatic 
Education Activities Guide. Western Regional Envi- 
ronmental Education Council. 
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Earth Systems Education Bibliography 

This is an annotated listing of books and articles that have been found to be useful in Earth Systems Education, espe- 
cially in reorienting one's thinking from traditional science to a more modem perspective of the content and methodology 
of the science for future American needs. The books described are ones that iridividuals on the PLESE staff have read and 
found to be of interest to them. The listing is by no means exhaustive. It is heavily weighted toward literature, art, and 
history. The teacher vnllfind many useful examples and images to use in classroom instruction in these books. 






Jchn McPhee. New York: Farrar, Straus, Giroux. 

The Control of Nature, 1989. Stories about our 
attempts to control nature. They include volcanic 
eruptions in Iceland aiid Hawaii, the Mississippi 
River, and fires and landslides in the Los Angeles 
mountains. 

Encounters ivith the Archdruid, 1971. McPhee 
describes encounters of David Brower, long-time 
executive secretary of the Sierra Club, Charles Park, 
an exploration geologist in Wyoming, Charles 
Fraser, developer of Hilton Head resort area, and 
Floyd I>ominy who, as head of the Bureau of 
Reclamation, has been responsible for many water 
impoundment projects in the West. 

In Suspect Terrain. 1982. Stories that relate the 
controversies surrounding the acceptance of the new 
theory of plate tectonics; tiie role of geologist, Anita 
Harris, in those controversies, and her contributions 
to an understanding of Appalachian geology. 

Rising from the Plains, 1986. In telling the life story 
of Jolm Love, geologist who worked out the history 
of Wyoming, McPhee provides a '^ivid description of 
the evolution of the western landscapes, as well as 
an insight into the frontier life that Love experienced 
as a child and young man. 

Basin and Range. 1980. In describing the theory of 
plate tectorucs through a discussion of various 
American landscapes, especially the province in the 
title, McPhee relates a narrative of the history of 
geology as well. 

Assembling California. 1993. McPhee follows his 
pattern of telling both the story of the professional 
life of a geologist and the development of the terrain 
the geologist studied during his career. In this case it 
is Eldridge Moores from the University of Califor- 
nia. He contributed greatly to a new imderstanding 



of California as an assemblage of separate pieces of 
country drifting across the ocean basin to form the 
state. 

Mark Reisner. New York: Penguin Books. Cadillac 
Desert, 1986. 

Riesner has written a provacative description of the 
efforts of western landowners and politicians to 
establish a water policy that has provided short- 
term profits to in^viduals, but is resulting in long- 
term destruction of the envirorunent and significant 
cost to the taxpayers of the rest of the nation. 




Nigel Calder. New York: Viking Press. 

Timescale: An Atlas of the Fourth Dimension, 1983. 
This is a richly illustrated documentation of the 
history of our Earth and its environment in space. 

Niles Eldredge. New York: Simon and Schuster, Inc. 
Time Frames: The Rethinking of Darwinian Ew/w- 
tion and the Theory of Punctuated Equilibrium. 

1985. 

A fascinating account of how a careful and meticu- 
lous study of the fossil record led Eldredge and 
Stephen Gould to propose their revolutionairy theory 
of Punctuated Equilibrixim. 

Stephen Jay Gould. New York: W.W. Norton and Co. 
The Panda's Thumb, 1980; Hen's Teeth and Horse's 
Toes. 1983; The Flamingo's Smile. 1985; An Urchin in 
the Storm, 1987; Bully for Brontosaurus. 1992. This 
is a series of books that include monthly colunms 
published in Natural History Magazine. They 
range widely in topics, but most center on evolution 
and/or the nature of science. 
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Wonderful Life* 1989. A discussion of the implica- 
tions of the Burgess Shale fauna for our understand- 
ing of the nature of evolution. Entertaining and 
informative reading on the nature of science, scien- 
tific investigation, and theory development. 

John Wesley Powell. Chicago: The University of 
Chicago Press. The Exploration of the Colorado 
River* 1957. 

Excerpts from Powell's journal of his exploration of 
the river include observations of the Grand Canyon 
and the Colorado River that can be used to teach 
basic concepts of erosion, sedimentation, and 
geological history. He was an excellent writer and 
one who was able to impart the excitement of 
scientific exploration and discovery. A newer 
version entitled, Down The Colorado, published in 
1988 by Arrowood Press, New York, includes 
spectacular color photography by Eliot Porter. 




Michael Critchton. New York: Alfred A. Knopf. 
Jurassic Park* 1990. 

The author weaves modem developments in genetic 
engineering, paleontology, and chaos theory into a 
chilling tale which questions our reductionist, 
deterministic bent in science. The story evolves 
around the recreation of dinosaurs from DNA 
fragments found in fossils with the idea of creating 
the ultimate amusement part. As you might expect, 
things go terribly wrong. 

Allen Eckert. Boston, MA: Little, Brown and Co. The 
Frontiersman* 1967. 

Includes the story of Tecumseh and his use of 
comets, boloids, and the New Madrid earthquake in 
attempting to rally Indian tribes to battle the Ameri- 
cans. Has an excellent description of the great 
earthquake. 

James A. Michener. New York: Random House. 
Alaska* 1988. 

He gives very understandable explanations of how 
Alaska grew over the past billion years. He accu- 
rately describes the processes of plate tectonics that 
accounted for its formation and ^e recent ideas of 
"terranes" that geologists now think accumulated 
over millions of years to form the Alaskan penin- 
sula. Michener ^so provides insight into the 
methods used by geologist to interpret the history of 
an area. 



Centennial* 1974. He describes the evolution of the 
Rocky Mountains over billions of years of time. He 
devotes a chapter each to the development of the 
Rocky Mountains, the evolution of the life of the 
area, and the early presence of humans. Especially 
interesting is the section on the habitat and life of the 
dinosaurs that inhabited the region during the 
Cretaceous period. Their remains are preserved in 
the famous Morrison formation, which is exposed in 
a dramatic road cut on the outskirts of Denver. 

Hawaii* 1959. He describes the evolution of the 
Hawaiian islands in very vivid prose, providing 
insight into the volcanic processes ttiat formed and 
continue to mold the islands. 

Edward Rutherford. New York: Ivy Books. Sarum* 
1987. 

The fictionalized story of the history of Salisbury, 
England. The first chapter starts the narrative 
during the last (Wisconsin) ice age and tells of the 
migration of the prehistoric inhabitants of the 
European continent, and how some got to what is 
now (post glaciation) the island of England. 

Jane Smiley. New York: Ivy Books. The 
Greenlanders* 1988. 

The fictionalized story of the settlement of 
Greenland by Icelanders and the story of their 
struggle in an increasingly harsher environment. 

Irving Stone. New York: New American Library. The 
Origin. 1980. 

A biographical novel of the life of Charles Darwin. 




Luis W. Alvarez. New York: Basic Books, Inc. 
Alvarez: Adventures of a Physicist 1987. 

The autobiography of a Nobel Laureate in physics 
who helped in the development of the atomic bomb 
and involved himself deeply in the politics of 
science. His last major contribution to science was 
the impact theory for the extinction of the dinosaurs, 
developed with his son, a professor of geology at the 
University of California, Berkeley. 
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James Gleick. New York: Penguin Books. Chaos: 
Making a New Science. 1987. 

The physics community is now considering nature 
as a su^ect of inquiry. A dramatic revolution is now 
going on in the conversion from what has been 
called linear science, the tradition of physics, to 
nonlinear science, more representative of the ''real 
world." The author describes in readable and 
interesting detail this revolution and the theory 
behind it 

Daniel J. Kelves. Cambridge: Harvard University 
Press. The Physicists. 1987. 

Kelves documents the history of science in America, 
starting with pre-Civil War up to the height of the 
Cold War (the book was orignally published in 
1971). He describes the rise of the physics commu- 
nity in its influence on national science policy as a 
result of its contributions during World War I, n, and 
the Cold War. In the process it eclipsed the Earth 
science conununity which had achieved leadership 
in American science policy during the expansion of 
the frontier and the search for natural resources. 



TUmer and the Sublime by Andrew Winton, is 
published by The Uiuversity of Chicago Press, 
Chicago, 1980. Turner subscribed to the aesthetic 
theory of the sublime where a simple view, or a 
landscape painting, would take the observer beyond 
the objective reality to lift up the soul, filling it with 
joy and exaltation. This book includes many of his 
landscapes painted in this tradition. 

Albert Bierstadt: Painterof the American West by 
Gordon Hendricks, is published by Harrison House, 
New York, 1988. This biography includes most of 
the western landscapes developed on the artist's 
western trips, many in full color. 

The Hudson River and its Painters by John K. 
Howat, is published by American Legacy Press, 

New York, 1983. This group of American artists 
with its sense of national pride and deep reverence 
for the beauty of the Hudson River Valley portrayed 
their subject's spectacular cliffs and chasms, jutting 
rocks, vine-covered banks, and swirling waters with 
great and often mysterious beauty. 




Art and Geology is a fascinating book, published in 
1986 by Gibbs M. Smith, Inc. of Layton, Utah, that 
relates an impressionistic painting to the geological 
scene that inspired it. Rita Deanin Abbey is the 
artist and G. VS^am Piero the geologist and photog- 
rapher. 

Georgia O'Keefe by Nancy Frazier, published by 
Crescent Books, New York, in 1990, includes a 
portfolio of the finest works of this unique artist. 
They include her distinctive symbolic repre- 
sentations of vegetation, southwest landscapes, and 
city scenes. The author also provides a brief biogra- 
phy of O'Keefe. 

The American Vision: Landscape Paintings of the 
United States by Malcolm Robinson, published by 
Portland House, New York, in 1988, is an historic^ 
review of important landscape painters and includes 
over 80 full color reproductions of our most impor- 
tant paintings. 




Ansel Adams' work can provide images for use in 
classes as a source of both technical information and 
aesthetically pleasing views. 



Ansel Adams: Classic Images is published by Little, 
Brown and Company, Boston, 1985. Selected by 
Adams during the last years of his life, the images in 
this book include many of his most magnificent 
landscapes and photographs of some of the intimate 
details of nature. 

The Mural Project, by Peter Wright and John Armor, 
is published by Reverie Press, Santi Barbara, CA, 
1989. Adams was conunissioned in the early 1940s 
by the U.S. Department of Interior to take a series of 
photographs in the western national parks. Started 
but never completed because of the Second World 
War, his completed photographs were first presented 
to the public in this Volume. They are accompanied 
by excerpts from the wilderness writings and 
speeches of Theodore Roosevelt. 




IM) • A Ki sol K( I ( lllDI I OK K\l<l II S \ s 1 1 Ms I'J)| ( \ 1 1 ()\ 



Eliot Porter was one of our most accomplished 
photographers of nature. His color plates of grand 
views and close-up details of nature can provide the 
classroom teacher with both technically useful and 
aesthetically pleasing images for classroom use. 

Eliot Porter, American Places by Wallace Stegner 
and Page Stegner, is published by Greenwich House, 
New York, 1987. It is a photographic trek across the 
North American Continent. 

Nature's Chaos by Eliot Porter and James Gleick, is 
published by Viking Penguin, New York, 1990. 
Scientists are beginning to discover the patterns, 
relationships, and interactions that are present in the 
disorder of nature. Porter has been fascinated by 
this apparent regularity among the disorder, and in 
this book brings together many images that seem to 
exemplify chaos theory within nature. 

Eliot Porter with photographs and text by the 
author, is published by New York Graphic Society 
Books, 1987. At 85, the author has pulled together a 
personal reminiscence of a lifetime of discovery, 
adventure, and devotion to his art. The book 
includes popular classics and rare never-before 
published images. 

American Astronaut Photography: The View from 
Space by Ron Schick and Julia Van Haaften, is 
published by Clarkson N. Potter, Inc., New York, 
1988. Over 120 historic images from the golden age 
of space exploration, taken by the astronauts, are 
included in this volume. 

The Earth Speaks by Steve Van Matre and Bill 
Weiler, is published by The Institute for Earth 
Education, Warrenville, IL, 1983. Quotes from the 
writings of authors such as Thoreau, Muir, and 
Carson capture the voice of Earth as it speaks to its 
inhabitants of its beauty. 

Keepers of the Earth by Michael J. Caduto and 
Joseph Bruchac, is published by Fulcrum, Inc., 
Golden, CO, 1988. This book is a collection of North 
American Indian stories with related hands-on 
activities designed to help readers feel a part of their 
surroundings. 



A Far Side Collection: Unnatural Selections by 
Gary Larson, is published by Andrews and McMeel, 
Kansas City, 1991. This collection of his recent 
cartoons includes Larson's interpretation of the 
evolution of life on Earth in five double-page color 
panels. 

Scientific Progress Goes "Boink" by Bill Watterson, 
is published by Andrews and McMeel, Kansas City, 
1991. This collection of the adventures of Calvin and 
Hobbes includes their photographic excursion to the 
Jurassic, and Calvin's trips to several planets. 




Mark Maley, BESS teacher, cmfrn with one of his students. 
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Music as an Aesthetic Medium for Teaching Earth Systems 

The following was ivritten by Lyn Samp, participant in the 1991 PLESE workshop in Columbus, She provides a variety 
of ideas on how to use music in an Earth Systems class and a list of music she has found us^l in her high school classes. 



Music is a wonderful mechanism for evoking 
interest in science because virtucdly everyone loves 
music, people can express individuality through 
sharing their favorite music, and because infinite 
pieces are forever inspired by Earth and its systems. 



Suggestions for Classroom Use 
Materials 

Keep a tape/CD player handy in the classroom. 
Allowing freedom of expression will encourage 
more participation, variety, and excitement. 

Have ongoing song lists available in the form of 
charts around the room. As students come up with a 
piece, they can add it to the list, along with ttie artist 
and their own name so that they can receive credit 
for the idea. 

Make the lyrics available. Students are good re- 
sources for this. 

Provide drawing materials for students to express 
themselves during interpretation. Post the artwork 
aroimd the school or classroom. 



Lessons 

Students enjoy making their own personal lists and 
keeping them in their notebook or portfolio. The list 
grows over time as new songs are experienced or old 
songs remembered. 

Interpret songs, but be careful.. .music videos have 
already pre-interpreted many popular songs, such 
as "November R^" (Guns N^ Roses). This is a 
problem because it stifles student creativity. Tve 
been told, "I already know what the song is about, 
because I saw it on MTV." 

Performing music is another way in which students 
can express their mtu:ic. One student sang "Wind 
Beneath My Wings" at a spirit assembly promoting 
the team name "Zephyr." The school or^estra 
performs "Night on the Bare Mountain" 
(Mussorgsky) for the science classes. 



The students delight in sharing their own music, but 
you may wish to preview it for appropriateness. 
Give your students' music a chance, and they will be 
more likely to keep an opeii mind when you expose 
them to imfamiliar numbers. My students have 
turned me on to several new music pieces which I 
now listen to on my own and have in my personcd 
collection. Take advantage of the clcissic rock revival 
which finds many students, teachers, and parents 
today with similar music tastes. 

Play "the song of the week." This can be chosen by 
various criteria... a new song, an especially Earth 
System-inspired song, a particularly beautiful piece, 
whatever. 



I have collected, with the input of stud^yits, several 
tapes of backgroimd selections for playing dxiring 
labs and activities. The students can select one song 
of their own or one from the tape to set a mood 
before or after the activity. Or, while the students are 
plotting the orbit of the moon, for instance, play a 
"Moon Songs" tape in the backgroimd. As the next 
song comes on, write the name eind the artist on the 
bocird. Compile tapes entitled "Stars and Sim," 
"Planets," "Earthquake Songs," "Rock Music," 
"Water Music," or any suitable topic, and infuse 
music into your existing curriculum. 




Students often get ideas for music from their parents 
(and pcirents appreciate being involved). They 
reguMy bring in medleys which include pieces 
suggested by other family members. 



The following is an interpretation which I use with 
"Riders on the Storm" (The Doors). This works well 
after the students have had a chance to share their 
own music. It is effective before, during, or as a 
follow-up to a storms unit. 



1 ^ 
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Using Riders on the Storm as an 
Aesthetic Medium 

(An example of how music can be used in a science 
lesson.) 

Materials 

Boom box (or other suitable stereo system) 

Recording of Riders on the Storm by the Doors 
Drawing Paper 

"Expression" materials: crayons, markers, etc. 

Copy of the lyrics (one copy per person) 

Setting: 

A comfortable room, with the lights dimmed 

Before the music starts: 

Relax, maybe close your eyes 

Think about your own personal experiences 

with storms 

During the music: 

Follow the words along, if you wish 

Listen to the song 
-the music, 

-the background effects, 

-the words 

Express your reactions to the song, using the materi- 
als provided. 

Draw, write down words which come to mind, 
identify feelings elicited, and so on. 

After the music: 

Did you like the song? 

How did the song make you feel? 

What kinds of storms are represented? 

What does it mean to "ride" a storm? 

Which sounds from the music relate to storms? 

How do the words themselves relate to storms? 
What comparison(s) can you make between life and 
storms? 

This activity should be used as an introduction, or 
perhaps followup, to a science lesson or unit on 
weather and storms. 



Selected Music for Use in Earth 
Systems Classes 

The following is my personal list, with additions 
from friends, colleagues, and students. The list is 
never complete, so information gets added bit by bit. 
This list has evolved and become more varied over 
the years, yet it is lacking in some styles, such as 
Country and Western. Someone else's list of musical 
tributes to Earth Systems would surely look very 
different from this one. 

Lithosphere 

Ain't No Mountain High Enough... Marvin Gaye and 
Tammi Terrell / Diana Ross 
Allentown... Billy Joel 

Climb Every Mountain... from The Sound of Music 

Eruption.. .Van Halen 

Heart of Stone...RoUing Stones 

I am a Rock.. .Simon and Garfunkel 

Like a Rock.. .Bob Seger 

Mahlenburg County...]. Prine 

Papa Was a Rolling Stone...Temptations 

Rock Around the Clock...Bill Haley and the Comets 

Rocky Mountain High... John Denver 

Rocky Mountain Suite.. .John Denver 

Solid as a Rock... 

Stoned Love...Supremes 

Thank You.. .Led Zeppelin (a beautiful song which 
ties love to Eaith processes) 

The Flower That Shattered the Stone.. .John Denver 
Turn To Stone...Black Sabbath 
Volcano... Jimmy Buffet 
Mid Places. ..Dan Folgleberg 

Stars 

Catch a Star.. .Men at Work 

Everybody is a Star... Sly and the Feimily Stone 

Good Morning Starshine...01iver 

Seventh S*-ar... Black Sabbath 

Shining Star... Earth, Wind and Fire 

Shooting Star...Bad Company 

Moon 

Bad Moon Risin'...Creedence Clearwater Revival 

Blue Moon...Sha Na Na 

Brain Damage/Eclipse...Pink Floyd 

Moon River... Henry Mancini 

Moon Shadow... Cat Stevens 

Moondance...Van Morrison 
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Moonlight Sonata... Beethoven 

Rocket Man...Elton John 

Shadw n the Moonlight... Anne Murray 

Space Oddity...David Bowie 

Tl\ere's a Moon Out Tonight... Capris 

Atmosphere/seasons 
Appalachian Spring... Copeland 
Slowin' in the Wind...Bob Dylan / Peter, Paul and 
Mary 

Breathe in the Air.. .Pink Floyd 

Catch the Wind...Donovan 

Cloud Nine...Temptations 

Cloudy... Simon and Garfunkel 

First Of May.. .Bee Gees 

Get Off of My Cloud.. .Rolling Stones 

I Think it's Going to Rain.. .Joe Cocker 

I W^sh it Would Rain... Temptations 

In The Summertime... Mungo Jerry 

Kentucky Rain.. .Elvis Presley 

November Rain...Guns N' Roses 

Pieces of April... Three Dog Night 

Raindrops Keep Falling on My Head...B.J. Thorny 

Rainy Days and Mondays...Carpenters 

Running Against the Wmd...Bob Seger 

Save it for a Rainy Day... Stephen Bishop 

Seasons of Wither.. .Aerosmith 

Summer in the City... Lovin' Spoonful 

Summer...War 

Summertime...from Porgy and Bess 

The Four Seasons... Vivaldi 

Theme from "The Greatest American Hero" 

Thunder Rolls... Garth Brooks 

Wind Beneatli My Wings.. .Bette Midler 

Wmdy...The jKssocia^on 

Cryosphere 

Cold Hearted Woman 

Frosty the Snowman 

High Country Snows... Dan Fogleberg 

Ice, Ice Baby...Vai\illa Ice 

Let it Snow 

\A^ter Wonderland 

Planets 

Earth...Dweezil Zappa 
Jupiter's Child.. .Steppenwolf 
Jupiter.. .Earth, Wind and Fire 
The Earth is a Spaceship... Douglas Wood 
The Planets... Holst (parts are especially good for 
calming the class) 



Third Stone From the Sun...Jimi Hendrix 
This Island Earth...The Nylons 
This Pretty Planet 
Turn, Turn, Turn. ..Byrds 
Venus in Blue Jeans...Jimmy Clanton 
Venus... The Shocking Blue / Frankie Avalon 

Sun 

Aquarius/ Let the Sun Shine... The 5th Dimension 
Don't Let the Sun Catch You Crying... Gerry & the 
Pacemakers 

Don't Let the Sun Go Down on Me.. .Elton John and 
George Michael 
Here Comes the Sun... Beatles 
House of the Rising Sun... Animals 
rU Follow the Sun. . .Beatles 
Sunny 

Sunshine of Your Love.. .Cream 
Sunshine on My Shoulders.. .John Etenver 
The Sun Ain't Gonna Shine Any More... Walker 
Brothers 

Waiting for the Sun.. .Doors 

You Are the Sunshine of My Life.. .Stevie Wonder 

You are my Sunshine 

Biosphere 

Bungle in the Jungle.. .Jethro Tull 
Dead Skunk in the Middle of the Road...Loudon 
Wainwright 

Dog and Butterfly...Heart 
Freebird...Lynyrd Skynard 
Garden Song... John Denver 
Habitat.. .Bill Oliver 
Horse With No Name... America 
If I Could Talk to the Animals.. .from Dr. Doolittle 
Joy to the World /Jeremiah Was a Bullfrog... 3 Dog 
Night 

Muskrat Love...Carpenters 

Ode to Be Blue... Gordon Lightfoot 

Oklahoma.. .from the musical 

Peter and the Wolfy.Prokofiev 

Requiem For the Whales... Crosby and Nash 

Shock the Monkey...Peter Gabriel 

The Eagle and the Hawk... John Denver 

The Rose.. .Bette Midler 

Three Little Birds... Bob Marley and the Wallers 
Wheat Fields...John E>enver 

Generallenlightenment/interactions 

America the Beautiful 

Bones in the Sky... Dan Fogleberg 
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Circle of Life,..Elton John (from The Lion King) 

Earth Songs...a whole collection by John Denver 
From a Distance... Nancy Griffith / Bette Midler 
Over the Rainbow..Judy Garland (from The Wizard 
ofOz) 

Rain Forest Rap 

The Soimd of Music... from the musical 
This Land is Your Land... Woody Guthrie 
Wonderful World...Louis Armstrong 
any music by Yani Stuf 

Hydrosphere 
Brandy...Looking Glass 

Bridge Over Troubled Water... Simon and Garfunkel 

Calypso...John Denver 

Cry Me a River...Joe Cocker 

Dock of the Bay...Otis Redding 

Down By the Sea... Men at Work 

Green River... Creedence Clearwater Revival 

I Am The Sea...The Who 

Old Cape Cod...Patti Page 

Proud Mary...Creedence Clearwater Revival / Ike 
and Tina Turner 

River Deep, Moimtain High.. .Ike and Tma Turner 

Sitting in an Ocean... Stephen Bishop 

The Maul Dance.. .Schubert 

The Ocean... Led Zeppelin 

The River is V\Tide...The Grass Roots 

The River.. .Garth Brooks 

Woolly Swamp...Charlie Daniels 

Wreck of the Edmimd Fitzgerald.. .Gordon Lightfoot 



Following are pieces of my own favorite Earth- 
inspired music that I have collected for use in my 
classes: 

Circle of Life. . .Elton John 
November Rain. . .Guns N' Roses 
Moondance. . .Van Morrison 
Over the Rainbow. . Judy Garland 
Jupiter... Holst 
Dog and Butterfly. . .Heart 

Ain't No Mountain High Enough. . .Gaye and Terrell 
Don't Let the Sun Go Down on Me. . .Elton John and 
George Michael 

Brain Damage/Eclipse. . .Pink Floyd 

Proud Mary.. .Creedence Clearwater Revival 

Thank You. . .Led Zeppelin 

Everybody is a Star. . .Sly and the Family Stone 

Autuxim, . .Vivaldi 

I am a Rock... Simon and Garfunkel 

The Rose, . .Bette Midler 

Volcano . . .Jimmy Buffet 

Sunshine on My Shoulders, , .John Denver 

Freebird, , .Lynyrd Skynard 

Enough music is out there for 
putting together any style of 
tape,.,"Classical Tributes to Earth 
Systems" could include Flight of 
the Bumblebee (Rimsky/ 
Korsakov) and Spring Song 
(Mendelssohn) along with 
selections already mentioned. 




Other possible themes: "Earth 
Systems Rock Music," "Soul of 
the Earth," "Earth Music for Easy 
Listening,".,, the sky's the limit. 

I hope that you will be able to use 
some of the suggested music here 
in your classes, and that it will 
help to stimulate more interest 
among your students in science 
and a study of our Eairth systems. 

— Lyn Samp 



Instead of a text, the BESS students use journals, magazines, xndeodiscs, CompuServe and other -f q \ 
modem sources of information. O 
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MIDCONTINENT STATES 

Arkansas 
Rene'Carson 
600 S. Ringo 
Little Rock, AR 72201 

Iowa 

Margaret Sadeghpour-Kramer 
210 Kohl St 
Martelle,IA 52305 

Kansas 
James Clark 
366 N. Rutan 
Wichita, KS 67208 

LA: Baton Rouge 
Mary Yeates 
5941 Fleetwood 
Baton Rouge, LA 70817 

LA: New Orleans 
Sue Ellen Lyons 
2770 Jonquil Street 
New Orleans, LA 70122 

MO: Blue Spring s 
Pamela Coleman 
4065 Camelot Drive 
Lee's Summit, MO 64658 

MO: Marceline 
Mary Anne Fosse 
328 E. Howe 
Marceline, MO 64658 

Nebraska 
Mike Brownawell 
1314 13th Avenue 
MitchelLNE 69357 

Nebraska-2 
Aurietha Hoesing 
7174 N. 82nd PI. 

Omaha, NE 68122 

North Dakota 
Troy Miller 
Box 22 

Fessenden, ND 58438 



PLESE Team Leaders 



Jeni Jackson 

3969 N.W. 122nd #B 

Oklahoma City, OK 73120 



South Dakota 
Sandra Dyson 
Box 301 

Kennebec, SD 57544 
Texas 

Linda Sue Maston 
9127 Rue De Lis 
San Antonio, TX 78250 



GREAT LAKES STATES 

Illinois 
James Barr 
402 St. Marie, Rt. 1 
Blue Mound, IL 62513 

IN: Qary 

Evelyn Jordan 
1010 E. 193rd Place 
Glenwood, IL 60425 

IN: Indianapolis 
James Hoffman 
171 Waterbury Rd. Apt. A 
Indianapolis, IN 46217 

OH: Stark County 
Nancy Baker-Cazan 
1136 Glory Rd. N.W. 
Carrollton, OH 44615 

OH: Columbus 
Karen Landis 
167 Olentangy St. 
Columbus, OH 43202 

OH: Perrysburg 
Clyde Bame 
8281 Five Point Rd. 
Perrysburg, OH 43551 

Michig an 
Robert Groesbeck 
10831 4 Mile Rd. 
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Plainwell, Ml 49080 

OH: Cleveland 
Collin Maxwell 
1236 Cranford Ave. 
Lakewood, OH 44143 

OH: Grove City 
David Crosby 
2382 Quail Meadow Dr. 
Grove City, OH 43123 

OH: Mansfield 
Pam Lyon 
243 S. Market St. 
Gallon, OH 44833 



NORTHEAST STATES 

Delaware 
Susan Clavier 
1001 White Oak N-22 
Dover, DE 19901 

Maine 

Ellen Corrigan 
18 Deering Rd. 

Gorham, ME 04038 

Massachusetts 
Donna Millett 
9 Grinnell St. 

Berkley, MA 02779 

New Jersey 
Mary Ann Savino 
Cortelyous Ln. 

Somerset, NJ 08873 

NY: South Glens Falls 
David Schryer 

Box 869, Upper Sherman Ave. 
Queensbury, NY 12801 

NY: Dutchess County 
Gerald Sherman 
RR 3, 323 Horseshoe Rd. 
Millbrook, NY 12545 
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NY: Buffalo 
Clarann Josef 
68 St. John's Avenue 
Buffalo, NY 1422 



Montana 
Cawol McLean 
1708 Primrose 
Billings, MT 59105 



Wyoming 
Tom Jacobs 
1617 Monte Vista Lane 
Gillette, WY 82716 



Vermont 

Arlene L. Bentley 
Box 137, 4th of July Rd. 
W. Rupert. VT 05776 



Alaska 

Nan Whitmore 
HCOI Box 6022 
Palmer, AK 99515 

AZ: Pag e 
Carol Adkins 
PO. Box 2412 
Page, AZ 86040 

AZ: Window Rock 
Ella Shortey 
P.O. Box 1611 
Window Rock, AZ 86515 

CA: Los Angeles Country 
Larry J. Rodgers 
4020 Poplar Lane 
Chino Hills, CA 91709 



New Mexico 
Jeff Treat 

115 Mesa Verde Ave. 
Aztec, NM 87410 

Oregon 

Nancy Bailey 
4304 SE Raymond 
Milwaukie, OR 97267 

Uiah 

Marlow Peterson 
1275 N. Ash Dr. 
Layton, UT 84040 

Washington 1 
Donna Cole 
293 Friday Creek Rd. 
Bellingham, WA 98226 

Washington 2 
Paul Kirkpatrick 
4815 128 Pl.S.E. 
Everett, WA 98208 



PACIFIC/MOUNTAIN STATES 



SOUTHEAST STATES 
Florida 

Jeanette Pittman 
2526 Blarney Dr. 
Tallahassee, FL 32308 

Mississippi 
Jill Mincey 
Route 3, Box 174 
Rienzi, MS 38865 

North Carolina 
Deborah Freedman 
3035 Farrior 
Raleigh, NC 27607 

North Carolina^ 

Flo Gullickson 
5701 Anson Rd. 
Greensboro, NC 27407 

South Carolina 
Carlton Mullinax 
129 Briarwood Rd. 
Spartanburg, SC 29301 



CA: Santa Anna 
Daniel Noble 
152 Morr.ing Glory 
Rancho Santa Margarita 
CA 92688-1534 

CO: Ft. Lupton 
Gayle Ryley 
13280 WCR 10 
Ft. Lupton, CO 80621 

CO: Greeley 
Mark Pappas 
1105 8th Street 
Greeley, CO 80631 

Hawaii 

Fred Nakaguma 
99-524 Halawa Hts. Rd. 
Aiea, HI 96701 




South Carolina 2 
Kay Black 
PO 218, Hwy. 21 N 
Ridgeway, SC 29130 

Special Virginia (& 
Tennessee) 

Ken Folger 
7324 River Park Dr. 
Nashville, TN 37221 

Virgini? 

Helen Marie Boothe 
PO Box 54 
Daleville,VA 24083 



Hill Hoyt, Western Center PLESE Director preparing the main course at a 
cookout in Rocky Mountain National Park. 
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Conducting Earth Systems 
Education Workshops 



The first part of this section is adapted from suggestions for teacher-conducted workshops prepared for the PLESE 
program by Rosanne Fortner, 

Introduction 



So you have agreed to "do" a workshop, but for ail 
your good intentions you really don't loiow what 
you're getting into? Have you been to the good, the 
bad, and the ugly as far as workshops go? Surely 
you want your workshop to be remembered among 
the good, but how can you assure that this will 
happen? 




Are you prepared for these implications? A well 
designed and implemented workshop can be an 
excellent means of introducing innovations into the 
curriculum, providing you with contacts among 
support groups, and developing a network of 
colleagues who, like you, are interested in improv- 
ing the work schools are doing. A poorly planned 
workshop is a personal and institutional embarrass- 
ment, as well as a waste of time and money 



It's time to begin thinking of the how, when, and 
where of your workshop, assuming you already 
know the what and why. Buckle your armor, then, 
and get ready for a personally demanding but 
professionally rewarding experience. 

We invite you to plan your workshop based on the 
suggestions of educators who for twenty years have 
conducted numerous such events for varied groups 
and purposes. We have tried to anticipate the most 
common concerns of the workshop developer as we 
assembled this manual, but we may have missed 
some. Please feel free to suggest additions that will 
make the material useful for more circumstances. 



The workshops described here are of two kinds: 1) 
sessions at professional conferences, and 2) longer 
workshops that are stand-alone events requiring 



targeted recruitment, space arrangements, and other 
logistics. 

Which kind op workshop? 

The Type 1 workshop is most common for beginners 
and may serve many purposes very well. We 
consider it an awareness workshop, because its 
length doesn't allow for in-depth presentation and 
involvement. This kind of workshop is ideal for 
whetting apetites, describing programs, and present- 
ing innovative activities. 

Type? workshops are exploration workshops that 
give you time to develop ideas more fully, immerse 
your audience in concepts, and involve them in a 
variety of different ways of approaching the curricu- 
lum innovation you are introducing. 

There is a Type 3 workshop too, a subset of Type 2, 
for implementation or adoption of innovations. This 
type is much longer and more involved, lasting 
perhaps a week or two or spanning a school term 
with weekly meetings. For this type, some method- 
ological ideas are offered. 




Participants at an NSTA xvorkshop conducted by the North Carolina 
PLESE team. 




X 



(QThe Ohio State University Research Foundation, 1995 
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Scheduling 

If your workshop is part of a professional conference 
(Type 1 W6rkshop)^you may have little control over 
when you are scheduled. Request at least a one- 
hour block to allow for a variety of activities and 
time to respond to questions. If the conference 
program comes out with yours scheduled as the first 
morning session (8 am) or the last session of the 
conference, expect that fewer participants will 
appear. Some of this scheduling disadvantage can 
be overcome with creative advertising, however, 
following some of the suggestions below. 

If you have a choice about when to conduct your 
longer type of workshop (Type 2), you should be 
aware of a few guidelines: 

• spring Saturdays draw low participation 

• pEurticipation can be as high during school hours 
on a weekday as on a Saturday, if you are 
assured of school system cooperation, 

• avoid holiday weeks and grading periods 

• avoid Friday afternoons 

• be alert to faculty meeting days 

• take advantage of scheduled in-service days 

• be sure the facilities you need will be available 
and open when you need them. 

In addition to choosing a day and time, you will also 
need to plan for the space for your meeting. Being 
in one room for an entire half day or longer can 
become very uncomfortable. Plan to move your 
participants around: room to room, library to gym, 
large group to small groups, indoors to outdoors. 

Get rooms that have windows to use as activity 
rooms, and interior rooms for slide shows. Post 
more signs than you think you need to direct people 
from the parking lot to the area for the first meeting. 
Be sure custodial care is available after the group 
leaves. 

In sessions all day? Schedule a coffee/juice break 
after the first hour, and a soft drink break in mid 
afternoon. Who does lunch? 

Your best support for scheduling this type of work- 
shop is an administrator who will be aware of the 
full calendar as well as sensitive to the importance of 
the in-service program you are presenting. This 
person, who is convinc^ of the value of your efforts 
for the entire district or other group of targeted 



teachers, should be willing to facilitate those efforts 
to the extent possible within the system. 

Advertising 

Conference session descriptions 
In the 25 words or less that most conference organiz- 
ers allow you for a description of your proposed 
session, you must make it sound exciting and 
attractive to your Uurget teachers. Your session 
proposal should: 

• specify the target group by grade level or subject 
area, to avoid midstream dropouts who find the 
session just isn't what they expected 

• be specific about what you will do (demonstra- 
tion, multimedia show, labs, etc.) 

• indicate if it is "hands-on," a real attention- 
getter in a conference program 

• mention if free materi^ will be distributed 
(beyond the standard handout type). 

To enliven your proposal, try beginning with a 
question or an outrageous statement. Use a play on 
words, or a hot buzzword if appropriate. Some 
examples are included here for ideas. 



"Oh, say can you see. " qmstions a visitor to 
the Great Smoky Mountains. You would be 
surprised to find that Sequoia National Park lies 
in the second dirtiest airshed in the United 
States, ril share the results of a year-long 
program cf materials development for air qimlity 
education and interpretation within the National 
Park Service. (Ecol) 



Air Quality in the U.S. National Parks 

Rosanne W. Fortner 

Ohio State University, Columbus 



The Great Lakes Triangle has more unexplained 
disappearances than the Bermuda THangle. Let's 
investigate them with earth science and science 
process. Free curriculum materials! (Earth) 



The Great Lakes THangle and Other Mysteries 
(Middle/Junior High) 

Rosanne W. Fortner 

Ohio State University, Columbus 
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Caution: If you advertise free materials, some 
people will come only for that. Distribute only what 
you are really presenting, because research shows 
teachers don't often use what they haven't been 
trained to use! Be sure you have plenty of copies, 
and spread the distribution through the entire 
session so that earlybirds and latecomers can't dash 
in and pick up the whole pile without attending the 
presentation. If you run out of materials, pass 
aroimd a sign up sheet for those who were left out, 
and send them the materials very soon. Good wiU is 
lost for your program if you don't deliver what you 
say. 

liming of your advertisement (the conference 
description that wiU appear in the progreun) is 
determined by the conference's Program Chair, and 
sometimes it must be submitted 8-10 months in 
advance of the meeting. If your proposal is late, you 
can sometimes get on the program with a call to this 
person to explain the exciting session you have to 
offer. At this point you are the beggar. Apologize 
for missing the deadline and accept whatever 
progreun slot is available if you can. 

Advertising exploration workshops. To attract 
teachers to longer workshops requires a concen- 
trated advertising effort. Teachers are busy people, 
and many groups want their attention for curricu- 
lum innovations. The support of an administrator 
and a local college educator will be valuable in 
getting participants for these programs. These 
individuals can identify potential teachers and get 
information to them efficiently. They frequently 
have access to distribution systems (newsletters, 
couriers, electronic bulletin boards) that will cost 
you nothing and will avoid the problem of "infor- 
mation short-stop" on the desk of a principal or 
other busy individual. 

It is still your responsibility to develop the material 
that the support people can distribute. An attractive 
flyer or simple brochure is sufficient. Be sure to 
include the when, where, and how much (if you 
have fees). Use the same kind of excitement as you 
would in a conference proposal, and only a few 
more words! Add clip art, perhaps your 
administrator's quote to encourage participation, 
and a contact to provide further information. 
Include any registration form you require — don't 
wait to be asked for it. In addition to distribution 
through college educators and administrators, use 



existing information channels for teachers. Develop 
a short news release (your flyer might work) and 
send it to district teadhers' newsletters and the local 
ETV channel. If you use an electronic bulletin bocird, 
list your workshop there and yourself as the contact. 

Timing for these advertisements is critical, especially 
if you are asking for registrations in order to plan for 
the correct number and grade level of participants. 

For saruty and planning purposes, this information 
is needed about 2 weeks before the workshop, so 
notices have to go out at least 4 weeks in advance. If 
the workshop is on a school day or is in competition 
for in-service time, an earlier advertisement is 
necessary so teachers can arrange their time. 

Recruiting and Registration 

These are issues only in Type 2 workshops and 
longer ones. If you have a whole day of activities to 
organize, you need to know who's coming and how 
many of them. Your original advertisement should 
contain a registration form to be returned by a 
certain date because "enrollment is limited." A 
sample is attached. Be sure to collect all the infor- 
mation you need to respond to the person who 
registers and to prepare for that person's participa- 
tion. 

This is a job for a knowledgeable supporter of your 
efforts, one who has a ready phone and is able to 
answer tough questions from potential participants. 
We recommend the administrator you have identi- 
fied, or that person's close assistant. You should be 
informed of progress in registration regularly. Set a 
time every other day when you will expect a call 
from your liciison. 

To fee or not to fee. You are making a great invest- 
ment of personal energy and professional time for 
this workshop. Numbers of people are depending 
on you and expecting things to happen. You can't 
rely on guesswork about how many lunches to order 
or materials to duplicate. The no-^how rate for fxss. 
workshops can exceed 20% of those who send in a 
registration form! 

For these and other reasons, we recommend a fee for 
registration for longer workshops. A teacher who 
pays $10 has made a commitment to be present, 
even if it's raining hard and there are still more 
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papers to grade before Monday. Even if you don't 
need money for the materials you plan to distribute 
or things you want to do, use it for lunches and 
breaks. Buy a nice folder for participants to carry 
their materials in. The workshop will be so exciting 
that they will consider it a bcirgain at almost any 
price! 

Staffing 

You are clearly the best person to be presenting this 
workshop, but they don't give purple hearts to 
overworked teachers. Get a helper or two — other 
teachers you trust to do a good job, and possibly an 
aide to go-fer while the workshop is in progress. 
During the schedule of activities, alternate respon- 
sibilities and divide the group occasionally so one 
person is not always the center of attention, and one 
doesn't get all the work. Even if the other staff don't 
do things exactly as you would do them, be openly 
appreciative of their efforts. At least you didn't have 
to do it all yourself. 



total effect you want teachers to remember. Plan to 
have a summary of some kind: transparency that re- 
lists key points or ideas, or a handout with the same. 

"One for the road" is also a valuable concept: send 
them out with your message just ready to be told to 
someone else. Put your science in a song or a rap, 
and send them out after they help perform it. Give 
them some of your demonstration material so they 
can show people in the hall. Hold a final drawing 
and give away some additional materials. This is 
your last chance — make it stick! 

Sequencing and pacing 
In addition to keeping the above in order, pay 
attention to the pacing and flow of events in your 
workshop. Like their students, teachers have an 
attention span that is limited to a very short period. 
Higher grades, longer attention, but only to a point. 
To keep a workshop moving and emerge with an 
e/xited audience instead of an exhausted one, vary 
the length of workshop components and the type of 
activity you schedule. Suggestions: 



Selection and Sequencing of Content 
Basics 

The workshop should have ONE major goal, and 
only a very few objectives based on the amount of 
time you have. List these ir. advance so the staff 
knows the bottom line. If time is short, these are the 
things that MUST get accomplished. Select all your 
program segments to build tc >ward the goal. Make it 
clear as you begin your presentation that you have 
this reason for being there, an<l be prepared for some 
to leave if that goal is not why they came. 



Buildup 

Start off with an intro that grabs your audience and 
won't let go: tell a mystery story and withold the 
ending; do a quick and flashy demonstration; or 
hand out some strange items and let participants 
figure out how they are related to your topic. High 
s^ool teachers often prefer some quotable gee-whiz 
facts instead of drama. Use your imagination to 
capture theirs, but don't become so involved in 
theatrics that you forget your serious goal. 



Clinchers 

A carefully crafted workshop lays out several pieces 
of a plan, then fits them all neatly together. It's the 



• no two slide programs back to back 

• alternate presenters 

• no program segment over 45 minutes long (20- 
30 is better) 

• alternate listening segments cind activities 

• move people around for groups, games, etc. 

• follow heavy lectures with lighter activity 

• officially break after every 1.5-2 hours. 



A sample 1.5 day agenda developed by PLESE 
teachers is included at the end of the section. Refer 
to it for ideas. 




Participants in an BSE xoorkshap at an NSTA conference in New 
Orleans, conducted by PLESE participants. 





Y- 
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Flexibility — when and how 
'Fhe conference presentation just before your Type I 
workshop went 15 minutes overtime and really cut 
into your time slot! A lightning storm interrupted 
the live weather satellite feed you had just started. 
The phone line they gave you for the modem demo 
won't allow a long distance call! No amoimt of 
grumbling and inner frustration will change these 
situations/ so relax and salvage what you can. 

Cardiac arrest could slow you down too! Remember 
your main goal and objectives, and go for them with 
vigor. You are still responsible to the next presenter 
to end your show on time. 

Be alert to your own energy level, and aware that 
your participants are less.involved than you are. If 
you are tiring, they are more tired. Teachers will let 
you know if they are not comfortable with some part 
of the program. Take their needs seriously and 
respond by juggling program components or 
altering the method of presentation. Even if your 
efforts don't solve the problem completely, the 
attempt will be acknowledged and appreciated. 

Your workshop should move briskly, but should 
allow for feedback too. When attention is flagging, 
regain involvement by asking questions or inviting 
some. It has been said that the mind can only absorb 
what the seat can endure. Look ahead to other 
program components and judge how they will fare 
under existing conditions. It is better to quit early 
than to hold onto your program plan in spite of 
pcirticipant comfort. Don't let their last impression 
be one of relief! 

Handouts and Offers 

One of the most valuable things you can have on 
hand for workshops, mail requests, and drop-in 
questions about your topic is an attractive fact sheet 
tiiat answers the most asked questions. Parks and 
nature centers use these very effectively. If you 
haven't seen them, be sure to gather some examples 
on your next outing. They will save you hours of 
personal time and will have a carry-home value that 
extends what you can do in a workshop. If you 
make your own fact sheet, use a desktop publishing 
program. Keep the verbage light, the type size 
readable, and the graphics clean. The Earth Sys- 
tems program fact sheet in section I provides some 
ideas. 



Other handouts may be valuable for workshop 
distribution, to guide the activities in progress or to 
provide backgroimd and ideas for extensions. If you 
develop original materials, assume others will copy 
and use them. Put your © on them if you intend to 
copyright, but at least put your name or organiza- 
tional source, with an address, on the first page of 
each part. This way users can contact you with 
questions, and you'll also have credit whenever they 
copy and use the material. 

Be sure to observe copyright regulations. If it's not 
your original material you have only a few choices; 

• Rewrite it in a new way, shorter or in a different 
context, with credit to the origined. 

• Use the ideas, make visual aids, and talk about 
the material, but distribute nothing. Provide 
information about the origined so it can be 
procured if desired. 

• Contact the original source and get permission 
to use the material as is, with a credit line. 

Some of the material you use in a workshop will not 
be possible to distribute because of size, ownership 
or cost. Develop or secure order forms for items that 
your participants can request on their own. Don't 
try to become a warehouse or distributor for mat- 
erials. This is a thankless job full of headaches, and 
it's not in your job description! Workshop partici- 
pants want a personzd copy of everything, but if ihsy 
are responsible for procurement, they are more 
selective and materials are more likely to be used. 

Distribute a sign up sheet ordy for materials that you 
ran out of, or materials that are not quite ready yet 
(and you'll send order forms later). Invite people to 
write to you or your workshop sponsor with specific 
questions. Whenever possible, put the burden of 
contact on the participants. Sincere ones will do it. 

Evaluation 

Evaluation is an on-going process, not a last step. 
Several formative evaluation notes are built into the 
preceding sections of this guide. Those factors that 
are assessed in midstream are the ones used to guide 
the progress of the workshop and assure that it is 
continually meeting its objectives. 
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This section will focus on summative evaluation, 
which incidentally occurs at the end of the work- 
shop but has been planned as an integral part all the 
way along. 

Countable factors. The easiest things to evaluate are 
the ones you cen count: 

• number of participants 

• number of orders received or materials 
distributed 

• additional requests for information 

Judgement calls. Estimate the level of involvement 
of participants: How many were 100% involved, 
how many 75%, etc. Also 
collect testimonials — 
quotes from participants 
that you can use to 
describe the experience, 
materials, 

and value of it all. These 
may come right after the 
workshop or many 
months from that time. 

Start a file that you can 
add to as the kudos come 
in. Another file should 
have suggestions for the 
next workshop, from you 
and from participants. 

Pay attention to these as 
you begin planning for the next program. 

Questions for today and tomorrow. Develop an 
official evaluation form that covers: 

1) response to and achievement of your goal and 
objectives (knowledge, attitudes, etc.) 

2) utility of workshop materials 

3) appropriateness of techniques 

4 logistics and management 

5 overall program quality 

A form like this won't help improve the workshop 
that it evaluates, but it should provide ideas on how 
the next one can be better. 

Open-ended questions are also valuable and give 
you information that a check sheet cannot. If your 
workshop technique is a major concern, start one 



item with 'Tf I were the teacher..." and invite con- 
structive criticism. Also try "three things I will use 
(remember) from this workshop are..." and "The 
workshop would be improved if ..." Don't use too 
many open items, because careful completion of 
them will cut into your workshop time too much 
(examples follow). Collect all evaluation forms 
before people leave. Mail returns don't work. 

Don't forget to complete the official forms your 
workshop sponsor requires. 

Follow-up 

Promises to keep. If you had a sign-up sheet the 

time to send out materi- 
als in response to it is 
ASAP. Inclose a short 
form letter to thank the 
receiver for attending the 
workshop and remind of 
the request for materials. 
Have you opened medl 
and wondered, "Now, 
what in the world is 
THIS?" While you expect 
people to remember your 
wonderful workshop, 
there are other things 
going on in their lives. A 
reminder is appreciated 
and gives you an extra shot at meeting your work- 
shop goals. 

Credit where it's due. Also on the ASAP list, or at 
latest a week after the workshop, write to your staff 
and support team (administrators, college liaison) to 
thank them for all their help. The goodwill gener- 
ated by a prompt and sincere thank you is remark- 
able. 

Write a "personalized" form letter with the magic of 
word processing. Thank each person for attending, 
remind them of the excitement generated for the 
workshop topic, and suggest some additional things 
they might do in their own teaching situations to use 
what they learned. Suggest a coming conference 
that they might attend for further professional 
development and to see friends they met at the 
workshop. 




The most important people at the work- 
shop are the participants, NOT the 
presenters, THEY will carry your 
message into new arenas that you can't 
penetrate alone. If you have your audi- 
ence for a whole day or more, you know 
their names and something about their 
work situations and potential. Begin to 
build a relationship that fosters contin- 
ued contact with your program. 
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If you want teachers to do innovative things, they 
need administrative support or at least acceptance. 

A workshop sponsor, or the college liaison or 
administrator, could write to each of the principals 
whose school was represented at the workshop. The 
letter should commend the school for having such 
fine representation (list teachers' names), and should 
encourage support of the teacher(s) as they use some 
of the workshop ideas. This provides a positive 
stroke for the teachers as well as some additional 
visibility for the program and possibly additional 
support in the future. 

Reporting to sponsors. If you are working for an 
agency or special program that is supporting your 
workshop, you have a responsibility to report your 
results in a timely and complete maimer. Follow the 
sponsor's guidelines and deadlines, and be sure to 
collect all the participant information the sponsor 
requires. The sponsor uses this to create additional 
contact opportunities and to evaluate the success of 
various outreach techniques. If you expect con- 
tinued support from the sponsor, this feedback is 
essential. Your report should be a no-frills, official 
report using the information you collect as part of 
your own and the sponsor's evaluation. 
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PLESE participttnts at the 1992 Eastern Center tvorkshop completing an evaluation form. 
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How TO Plan and Implement an Earth Systems Education Workshop 

Follounng are suggestions for the development of short xvorkshops. These were written by a group of participants the 
1990 PLESE workshop based upon their experiences developing and conducting their own workshops during the year 
following their participation in the PLESE summer workshop in Columbus. 



Do's 

1. Plan! Plan! Plan! Make sure that you plan well 
in advance and as needed. 

2. Select your date early — at least three months in 
advance. 

a. State meetings usually have their agendas set 
a year in advance. 

b. County or Regional meetings usually have 
theirs set up at least six months in advance. 

c. Have your University Liaison or Administra- 
tor assist you in setting up these meetings. 

3. Set up planning sessions with your other team 
members to decide who will be doing what, 
who is to bring what materials, etc. 

4. Target your aduience. At state and regional 
meetings, this may be difficult to do. However, 
once you have registered the participants for 
your own workshop, you can determine what 
their needs will be as far as activities, materials, 
etc. 

5. Advertise your meeting at least one month in 
advance. 

a. Use a catchy title. 

b. Provide a good description of the workshop 

c. Set your registration deadline 

d. Contact those you know who would benefit 
from the meeting and who would be a good 
advocate of Earth Systems Education. 

e. Make an attractive brochure for your adver- 
tisement. 

6. Consider door prizes, things that teachers would 
use and appreciate having. Contact publishers, 
local businesses, college liaison, etc. 

7. Use various learning and teaching modes. 

8. Class examples. If you have projects or work 
that your students have done, have them 
available for teachers to examine. 

9. Use materials that are not expensive and that are 
easy to get. 



10. Have two agendas prepared, one for the partici- 
pants and a separate one for your team (this 
would be more detailed and specific as to time 
frames, responsibilities, special needs). 

11. Always allow a question and answer period at 
the end of the workshop. 

12. The administrator who supports your work 
should be present at the workshop. 

13. For the longer workshops that you plan, refresh- 
ments should be available, possibly donuts and 
coffee/juice in the morrung, and crackers/ 
cheese or veggies and iced tea/ coffee, etc. in the 
afternoon. 

14. Resource Materieils: 

a. Have enough copies of all handouts for 
everyone. 

b. Display resource books, posters, activities 
attractively. Information on how to obtciin 
them must be available. 

15. Start on time and end on time. 

16. Use ice breaker at the beginning to get everyone 
comfortable. Keep a relaxed atmosphere. 

17. Divide the group periodiccilly into grade level 
teams, activity stations, building groups, etc. 

18. Room arrangement should be accessible to 
everyone (handicapped), uncluttered, and 
comfortable (not too hot or cold). Use tables and 
chairs rather than desks. 

19. Allow time for evaluation. 

20. Try to set up workshop room at least 24 hours in 
advance so you are not under pressure at the 
last minute. Test all electrical equipment prior to 
the meeting (VCR, slide projector, TV, comput- 
ers, tape recorders, software, etc). Always have 
a plan B. 

M13 
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Sample Schedule for a Full-Day Workshop 



8:00-8:30 Coffee (bring your own cup) donuts 

Icebreaker Activity: Are You Me? (Project Wild) 

Introduce one another (participants) 

Earth Systems Team Introduction 

8:30-9:15 The NEED for Earth Systems Education/Curricular Reform 

1. Aesthetic intro: slides/narrative (10 min) 

2. Jane: (10) New State Requirements/ Model Curriculum 

Reason teachers are present: to help revise county and local curriculum (STS-NSTA 2061 /lack 
of Earth science) 

3. Doris: (10) Project 2061: "Systems Approach" to curricular revisions 



9:15-9:45 EARTH SYSTEMS MODEL 

Carol: 1. Seven Understandings for Earth Systems Education 

2. Spheres Model 

3. K-12 Approach 

4. How the approach differs from traditional Earth science 

9:45-10:00 BREAK — Challenge for the break: From your arej. or region, identify one example of each 

subsystem or find an item or opportunity to use for one of the Earth Systems Understandings 

10:00 Debrief from break 




10:15-11:15 



Learning stations: 4 groups 9/ 15 minutes 
— hydrosphere 
— lithosphere 
— energy 
— biosphere 



11:15-12:00 Technology Stations: 

— Kid's Network Telecommunicatior\s 
— Laser disc-Earth Science 
— Mineral computer program/ mineral collection 
— Science Helper CD ROM 



BRING YOUR OWN LUNCH: 12:00-12:30— Resource Table 



12:45-1:30 Grade Level Meetings (EL, MS, HS) 

resources, lessor\s, discussion of what they are doing, etc. 

1:30-2:00 BREAK 



2:00-3:00 Whole Group Discussion 

— resources 

— sharing some projects in districts (Eisenhower, etc.) 
—what can team do: Tapestry grant, EE grants 
— any whole county projects 
— PARADIGM Tapes: future role/goal of ESE 
— evaluation 



3:00 FINALE— RAIN FOREST RAP! 

We probably have too much, but we can't stand it when they get bored and start wasting time. Work, work, work , . . 

— Prepared by Nancy, Colin, and Jim; Summer 1991 
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Scoping 



Out an Earth 
Curriculum 



Systems 



As teac±iers think about restructuring their curricu- 
lum to accommodate a more modem approach to 
science, many have fotmd it helpful to see what 
other teachers, who have been thinking about such 
restructuring, have accomplished. In this and the 
next section we provide samples of such work and 
thiiddng. Normally the first effort at restructuring 
curricula is to think long range. What is it that the 
new program should accomplish in terms of content 
learned by the student and approaches used? 
Normally this results in a syllabus that then pro- 
vides the guide to the development of activities to fit 
the syllabus. In this section we provide an example 
of how teachers have thought about restructuring 
their curricula at each of the three levels: elementary, 
middle school, and high school. 



Elementary 



The first article is one by Frank Day, and looks at an 

of 

thmking about the development of a program. In 
1994, the Leon County Schools (2757 W. Pensacola 
St., Tallahassee, FL 32304) published their Elementary 
Science Curriculum Guide, A team of teachers and an 
administrator from the coimty school system 
participated in the PLESE 1992 summer workshop in 
Columbus. As a result this curriculum guide is very 
heavily influenced by the Earth Systems Education 
model. For a complete elementary school guide, you 
might want to contact Joel Dawson at the Leon 
Coimty School office for a copy of the guide. You 
will find it to be an excellent resource. Another very 
complete Earth Systems effort at the elementary 
level is the program developed by the Anchorage 
Alaska City School System. Entitled The Earth 
Systems Program, it is an effort to develop a syllabus 
and activities for a restructured K-6 science pro- 
gram. The program seeks to create a 'Sense of 
Wonder, Di^overy, Bcilance, Belonging, Responsibil- 
ity, and Place.' It has received federal funding for 




elementary restructuring effort using the Earth 
Systems approach. It is not a syllabus but a way 



this effort. If interested you can contact Judith Reid 
or Emma Walton at the Anchorage City school office. 
Walton was the administrator member of the PLESE 
1991 Alaskan team that participated in the Greeley 
workshop that summer. In Section Nine of this 
Guide you will find an actual Earth Systems unit 
developed by a husband and wife team who partici- 
pated in the PLESE program, Carla and Bill Steele of 
Marysville, OH. 



Middle School 

As a result of the PLESE program and a follow-up 
middle school program in central Ohio funded by 
the Eisenhower program, there have been several 
school districts whiA have developed Earth Sys- 
tems curricula at the middle school level. In this 
section we have included the draft syllabus devel- 
oped for the Bexley, Ohio, Middle Sdiool. It was 
developed by the Bexley Middle School team, led by 
Dan Jax, who was also the co-director of the 
Eisenhower grant which funded the two year long 
program. The program involved teacher teams from 
ten central Ohio school districts. The team from the 
South-Western City Schools was led by Dave Crosby 
and the one from the Columbus City Schools by 
Shirley Brown. They collaborated to develop the 
middle school unit you will find in section nine. 



High School 

Finally, we have included an article from The Science 
Teach^ which describes the development of the high 
school program in the Worthington, Ohio, City 
Schools. It integrates Earth Systems concepts and 
replaces the traditional Earth science and biology 
courses commonly taught in the ninth and tenth 
grades. An update of the curriculum along with 
samples of activities from the curriculum is included 
in Section Nine. 
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Earth Systematize 

This is a description of the program developed by Frank 
Day, Webiituck Elementary science teacher, a participant 
in the 1991 Summer Workshop in Columbus. He has used 
the Earth Systems Understandings as a way of organiz- 
ing his elementary science program. 

An Innovative approach 

Earth Systems Education was developed at Ohio 
State University under the direction of Dr. Victor 
Mayer. I adopted the Seven Understandings of 
Earth Systems Education into a plan called Earth 
Systematize. Using the Understandings, I began the 
task of applying Howard Gardner's theory of 
multiple intelligence to develop a holistic approach 
to science that would make science relevant to every 
student. Hoping to encourage the child not nor- 
mally science oriented, I set out to add music, art, 
body movement, imagery, and poetry to my science 
classes. 

Understanding #1 The Earth is unique, a planet of 
rare beauty and great value. This Understanding 
was incorporated into my Eco-Inquiry unit. Using 
examples of illuminist art from the Hudson Valley 
School of landscape painters, we incorporated 
landscape drawing into our examination of ecosys- 
tems study. The careful recording of detailed fea- 
tures was emphasized. The four spheres — hydro- 
sphere, atmosphere, lithosphere, and biosphere — 
were also woven into Haiku poetry, used in Japan to 
express nature. 

Understanding #2 Human Activities, collective and 
individual, affect Earth systems. This Understand- 
ing was incorporated into my Energy Unit. Students 
do a variety of hands-on activities to review present 
and future energy resources. Student activities range 
from creating wind turbines to cleaning up oil spills. 
The highlight of this unit is the acid rain dance 
drama. Students draw the sequence to the story of 
acid rain from the formation of ponds, buildings, 
and plants. In groups, they design body movements 
and costumes. The dance drama is divided into 5 
acts. Act I students are ancient fern trees falling into 
a prehistoric swamp. In Act 2, a coal layer is formed 
and is mined. Act 3, takes place in the coal burning 
factory, where a black whirling sulfur dioxide cloud 



leaves the smokestack. Act 4, the sulfur dioxide 
mixes with a water vapor in a swirling dance that 
combines the two into an acid rain cloud. The final 
act has rain falling on students acting as choking 
fish, buildings with ruined finishes, and plants 
unable to absorb minerals from their roots. This 
drama has been done at workshops for teachers 
many times with much success. 

Understanding #3 The development of scientific 
thinking and technology increase our ability to 
understand and utilize the Earth and space. Our 
students are taught fair testing with experimental 
groups and control groups; while testing class made 
fertilizers. In addition, we have been recording data 
and creating charts on the computer network at our 
school. Students draw diagrams of science topics 
using the IBM program. Linkway Live, We hope to 
be capturing pictures for our files in the future. 
Stereoscopes are used for viewing small objects such 
as mold. To assign values for new rating stcindards, 
numbers are assigned such as 0-10 or 0-5 for 
variations in color or amounts of mold coverage. 

Understanding #4 The Earth is composed of the 
interacting subsystems of water, land, ice, air, and 
life. Exposure to the interaction of the sphere is 
accoir plished by an integration of science and social 
studies through an exploration of biomes. By 
studying the effects of rain and temperature on 
various biomes, students help build this concept. 
They examine the relationship of living things with 
their environment by asking why conditions are 
perfect for a particular species. A biome folder is 
produced by each student. 

Understanding #5 The Earth is more than 4 billion 
years old and its subsystems are constantly evolv- 
ing, A unit. Time, is being pleinned.. It will incorpo- 
rate a geologic time line along our school nature 
trail. A student trail guide will identify each divi- 
sion. In conjunction with this, a comparison of how 
man has dated time for historical referencing will 
develop, and at the farther end of the scale, how 
time is recorded in light years for measuring the 
universe. 

'^Understanding #6 The Earth is a subsystem of a 
solar system xvithin a vast and ancient universe. 
Decoding the Stars was developed to fulfill this 
Understanding. By learning to read and write bar 




O 

ERIC 




codes, students were led to decoding spectral lines 
made by the elements. Using spectroscopes, they 
were able to decode the elements that made up 
various stars including the Sim. They also learned 
the relationship of color, temperature, and spectral 
classes. Students learned how the Greek alphabet is 
used to show apparent brightness of stars and chose 
a constellation to draw and research the Greek myth 
associated with it. Using a 30 ft. representation of the 
Sun's spectral line, students performed a dramatic 
presentation called the Solar Spectacular. Students 
played sunlight passing through a prism and 
breaking up into the wavelength represented by the 
lines. A parents night was held to present the drama. 
Also held, were Big Dipper races, with students 
racing along bases representing the stars of the 
dipper and shouting out the name of each star as 
they passed it. The evening was completed with 
night sky viewing. A local astronomy group came 
with a variety of telescopes for a tour of the sky. 

An activity on moon mapping was presented at 
Harvard Smithsonian Project SPICA, and is being 
refined for presentations. It will focus on the use of 
longitude and latitude lines in plotting features of a 
globe. Students use the lines to place craters on the 
surface of a blank globe. They also plot the landing 
sites of the astronauts. This program wUl be adapt- 
able to other planets and their satellites. Our stu- 
dents are also field testing the Harvard Smithsonian 
Project ARIES unit Astronomy. It focuses on the use 
of a light box to show how the seasons occur and the 
angle of sunlight striking the Earth. 

Understanding #7 There are many people xvith 
careers that involve the Earth. Althou^ careers are 
mentioned in every science unit, the force of the 
Engineering unit centers on the task of problem 
solving within specific guidelines and limitations. 
Students explore various materials and use them for 
various constructions. Students can be given tasks 
such as creating certain sounds or making unusual 
musical instruments. Students also are given an 
object like a wooden donut and create an original 
invention from it. Students are encouraged to use 
recycled materials in the production of this inven- 
tion. Materials are limited by rules of safety and 
students are asked to have parents assist with any 
tools needed. Flight engineering is explored. 
Students create paper models to explore the forces at 
work during flight. Students create their own 



design and fly their creation on flight day. Distance 
and accuracy are measured, to determine the flight 
performance. Students also attend IBM Engineering 
Day held each year to watch demonstrations of the 
latest engineering break throughs. 

During the twenty-five years of watching elemen- 
tary science change from text to hands-on science, it 
seems that a holistic approach such as Earth System- 
atizing and Howard Gardner's multiple intelligence 
theory are needed. Tailoring to student talents is the 
goal. Using innovative teadung strategies will 
foster a lifelong interest in science. 

Bexley Middle School Science 
CURRICULL nvl 

The following curriculum guide is still in its developmen- 
tal stages. It is the product of one of the central Ohio 
Middle School Earth Systems Education teams. The team 
is led by Dan Jax, eighth grade teacher in Bexley. It is 
provide here to assist other middle school teachers with 
ideas as to how an Earth Systems syllabus might look. 



Injtroduction 

The science curriculum at the middle school level 
must reflect the needs and nature of middle school 
students. Adolescents are constantly striving to 
figure out who they are and how they fit into the 
larger society. They are accustomed to daily changes 
in ^ aspects of their lives. Schools and curriculum 
are an important part of this change. Not only are 
the students themselves changing dramatically, but 
society itself is experiencing, thanks in part to 
developing technology, tremendous change. 

The science curriculum needs to address these 
changes. The science curriculum at Bexley Middle 
School does this in a variety of ways. The content of 
the curriculum includes topics that are at the fore- 
front of scientific endeavor and are some of the most 
important issues of the day at the local, regional, and 
global levels. For instance, we study such local 
issues as the changing Metro Parks and the human 
impact on them, how acid rain affects Bexley, and 
how humans have altered the local watershed. 
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Other topics include, but are not restricted to, global 
climate change, rainforest destruction, solid waste 
management, wetland destruction, and ozone 
depletion. The curriculum is designed to be flexible 
in order to respond to and incorporate current 
events and changes in curriculum guidelines at the 
local, state, and national levels. Our curriculum 
agrees philosophically with such national curricu- 
lum development projects as Project 2061 (American 
Association for the Advancement of Science), Scope, 
Sequence, and Coordination (Natioual Science 
Teachers Association), and Earth Systems Education 
(The Ohio State University). It also ties in very well 
with the emerging state standards for science 
education. 

Middle school students, just like all people, experi- 
ence the world around them in a wholistic, inte- 
grated way. The separate science disciplines have 
increasingly artificial boundaries. In order for all 
people to have a full, complete understcinding of the 
world around them science needs to be taught in an 
integrated fashion. When stuaents study the 
ecosystems at Blacklick Metro Park, for example, 
they need to see how the biological, geological, 
meteorological, and physical aspects of the environ- 
ment all interact and are dependent upon each other. 
It is also essential for students to realize the role that 
humans play in the interactions, that they are an 
important part of them, and they are able to do 
things to affect the interactions. 

The science curriculum at Bexley Middle School 
revolves around an Earth Systems approach that has 
been developed over the last several years through 
several projects at the Ohio State University. Earth 
Systems is a wholistic, integrated approach to the 
teaching and learning of science that uses the Earth 
as the context. The Earth is composed of the varied 
systems of air, water, land, life, and ice. These 
systems do not exist independently, but interact in a 
variety of ways. It is the interactions among these 
systems and the human impact on these interactions 
that we focus on in the science curriculum at Bexley 
Middle School. 

Social science research is making it increasingly 
apparent that learning for middle school students is 
at least partly socially-derived. Students need to 
work with their peers to be able to develop a fuller 
understanding of the world around them. Students 
need to have control over what they are learning. 



When students are provided with the opportunities 
to construct their own knowledge then learning will 
be truly meaningful and will last. To foster this we 
use cooperative learning techniques, including 
group projects, the sharing of information with 
others here at Bexley Middle School, with other 
schools in central Ohio, and with large and small 
group field trips to several central Ohio locations. 

More and more information is available through a 
variety of technologies, including videodisc, CD- 
ROM, on-line databases, and electronic networking. 
It is our goal that students have as much access to 
these sources as possible and to develop the skills 
necessary to use them effectively. This is a goal for 
life-long learning. 

An Earth Systems approach requires a type of 
evaluation of student progress different than the 
traditional objective test. Assessment of students 
includes presentations of individual and group 
projects, open-ended individual essay-type tests, 
using scoring rubrics, the evaluation of student 
conceptions and pre-conceptions with concept maps 
and other methods, and the building of a portfolio 
with authentic work kept in printed and video 
formats. The goal of learning and teaching is for the 
curriculum to become more student-directed and 
less teacher-directed over time. Assessment, then, is 
necessarily very performance-based. 



State of Ohio Science Curriculum 
Standards 

The State of Ohio has developed state standards of 
science education that are embodied in three major 
categories of concepts: Goals and Outcomes, 
Strands, and Themes. These are intended to guide 
the development of the science curriculum in each 
district in the state of Ohio. They are: 

Goals and Outcomes 

Goal 1 — The Nature of Science. 

To enable students to understand and engage in 
scientific inquiry; to develop positive attitudes 
toward the scientific enterprise; and to make 
decisions that are evidence-based and reflect a 
thorough understanding of the interrelation- 
ships among science, technology, and society. 
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Goal 2 — The Physical Setting. 

To enable students to describe the relationship 
between the physical universe and the living 
environment; and to reflect upon and be able to 
apply the principles on which the physical 
universe seems to run. 

Goal 3 — The Living Environment. 

To enable students to describe the relationship 
between the structure and functions of organ- 
isms; to assess how organisms interact with one 
another and the physical setting; and to make 
decisions that ensure a sustainable environment. 

Goal 4 — Societal Perspectives. 

To enable students to analyze the interactions of 
science, technology and society in the past, 
present, and future. 

Goal 5 — Thematic Ideas. 

To enable students to use major scientific ideas 
to explore phenomena, inform their decisions, 
resolve issues, and solve problems; and to 
explain how things work. 

Strands 

Strand 1 — Scientific Inquiry. 

To include modes of inquiry (processes of 
science), habits of mind (problem solving, 
ethics), and attitudes and dispositions (curiosity, 
creativity, inventiveness). 

Strand 2 — Scientific Knowledge. 

To include the wholistic nature of the world 
(integration), how knowledge is < tined, and the 
structure of knowledge. 

Strand 3 — Conditions for Learning — 
Constructivist Approach. 

To include giving students time to construct 
knowledge, using diverse instructional and 
assessment strategies (including performance- 
bcised), using a collaborative setting in which 
groups and indr^duals are accountable. 

Brand 4 — Applications. 

To use real-life, age-appropriate experiences for 
students to develop knowledge and skills, and 
to develop the scientific literacy necessary to 
cope with and understand the world around us. 



Themes 

1. Energy 

2. Systems 

3. Patterns 

4. Change through Time 

5. Scientific Models 



Bexley Middle School Science 
Curriculum Goals 

The goals of the Bexley Middle School science 
curriculum include outcomes for students, method- 
ologies for instruction, and philosophies of science 
and the approaches to teaching it. How these are 
related to the three areas described in the state 
standards are indicated by the abbreviations at the 
end of each goal. G3 indicates State Goal 3, S2 is 
State Strand 2, etc. 

1. To develop life skills for a democratic society in 
an increasingly technological world. 

2. To integrate life. Earth, and the physical sciences 
in an Eeirth Systems approach. Earth Systems is 
based on seven essenti^ understandings that 
students should have as a result of an Earth 
Systems course. To further integrate the related 
and appropriate cireas of social studies, language 
arts, mathematics, health, and integrated studies 
as defined at Bexley Middle School. 

3. To use current technology, computer work 
stations, CD-ROM videodisc, and on-line 
databases to access and deal with information, 
and to network with students and teachers in 
other school districts to share that information. 

4. To focus on the local environment with global 
implications. To see how all aspects of environ- 
ments at the local through global levels have 
changed over time. Students will explore the 
part that humans have played in the environ- 
mental change. 
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5. To use field experiences with both large and 
small groups. Areas include, but are not re- 
stricted to, several Metro Parks, Alum Creek, 
and local environmental businesses and agen- 
cies. 

6. To have students actively engaged in doing 
science. To have students do science in a variety 
of ways and to see that there are many ap- 
proaches to doing science. Students will know 
that there often is more than one solution to a 
problem and all people, including scientists, 
make decisions based upon the best available 
information but that decisions and ideas can 
change over time as the available information 
changes. 

7. To use non-traditional assessment. To deter- 
mine student pre-conceptions using concept 
maps and other methods and for students to 
deal with any misconceptions they may have 
about the topic at hand. Evaluation is based on 
student performance, on individual and group 
work on a daily basis, and on long-term 
projects. 

8. To involve the community as much as possible, 
including mentoring, using business people to 
make presentations to classes, and to have 
parents serve on panels in class. 

9. To use resources other than a textbook. An 
Earth Systems approach that is locally focused 
precludes relying on a textbook series to deliver 
the curriculum. Instead, we use several sources 
of materials including such national curriculum 
projects as Project Wild, CEPUP, many different 
resource books and magazines, videotapes, 
videodisc, CD-ROM, on-line databases and 
local sources like governmental agencies, 
environmental businesses, and parents. 

10. To be issue-oriented. Issues will include, but 
not he restricted to local lawn care practices and 
their effect on the environment, human impact 
on the local watershed, implications of water 
and energy use in central Ohio, populations of 
humans and other organisms, human "control" 
of nature, global change, and rainforest and 
wetland destruction. 



Science Process, Scope, and Sequence 

The scope and sequence of. the middle school science 
ciirriculum is a philosophical framework for the 
approach to be used in planning the experiences that 
students will have in the seventh and eighth grade. 
The framework includes those processes that we feel 
are essential for middle school students to use in any 
science course. The sequence implies that the 
processes will be developed over time and that some 
will become more emphasized as students move into 
the eighth grade. The framework also includes 
some of the important philosophical underpinnings 
of the program and how they change over time. 
None of the things in the framework will be totally 
excluded from either grade level. 

Grade 7 Grade 8 

More of a local/ More of a regional/ 

regional focus global focus 

More concrete More abstract 

More teacher-directed More student-directed 

Increasing student responsibility 

Communicating 

Observing 

Classifying 

Understanding 

Applying 

Interpreting 



Content Scope and Sequence 

The content of the seventh and eighth grade science 
courses is given in approximate order. Major topics 
are used as headings. The s^cific things that 
students are expected to deal with are listed in 
question format beneath each topic. You will notice 
^at there are things in the seventh grade curriculum 
that will be expanded upon in the eighth grade. It is 
our intention to articulate the seventh and eighth 
grade curricula as much as possible. 
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A. Ecosystems: What they are. 



• What is included in the definition of an ecosys- 
tem? 

• How do the seven understandings of Earth 
Systems Education help define an ecosystem? 

• What are some of the major ecosystems found in 
Ohio? 

• What are the biotic factors found in an ecosys- 
tem? 

• What are the abiotic factors found in an ecosys- 
tem? 

• How can the abiotic factors of an ecosystem be 
determined? 

• How can the biotic factors of an ecosystem be 
observed? 

• How does the water quality data we gather 
locally compare to data gathered by other 
schools in the Project Green network? 

• How does sharing information with other 
schools relate to the process of scientific investi- 
gation? 




B. 



Ecosystems: How they work. 



• What are the major categories of organisms that 
make up an ecosystem? 

• How are these organisms dependent on one 
another? 

• What are the relationships among species, 
populations, and communities? 

• How do organisms interact with one another? 

• How do organisms interact with the nonliving 
environment? 

• What is a food chain? 

• W“hat is a food web? 

• What is an energy pyramid? 

• How are water and minerals circulated through 
an ecosystem? 

• What is the source of energy in an ecosystem? 

C. Ecosystems: What keeps them the scime? What 
makes them change? 










What is the predalor-prey relationship? 

What is the host-parasite relationship? 

How do birth and death rates affect population 
dynamics? 

How does competition affect population dynam- 
ics? 



• How do biotic and abiotic factors affect popula- 
tion dynamics? 

• How does specialization (habitat and niche) 
help mmimize competition among species? 

• How does the computer simulation SimAnt 
model the population dynamics of a species? 

• How does the computer modeling program 
STELLA help us to understand the complex 
relationships within an ecosystem? 

• What are the different stages of succession? 

• How does succession change the abiotic and 
biotic features of an ecosystem? 

• What other factors might cause an ecosystem to 
change over time? 

D. Human impact: Population growth. 

• What has caused the dramatic increase in the 
world's population? 

• How has Ohio's population changed over time? 

• How do birth and death rates affect human 
populations? 

• What other factors influence the dynamics of 
human populations? 

• When did our shift to urban living occur? 

• Why did we shift to urban living? 

• What are the environmental consequences of 
urbanization? 

• How has urbanization affected the quality of 
surface and ground water in the area? 

• How has urbanization affected the soil of the 
area? 

• How can we reduce the environmental impact of 
urban living? 

• How can you make your own backyard environ- 
mentally friendly? 

• How can we make our cities more sustainable? 

• How does the computer simulation SimCity 
illustrate the effect of urbanization? 

E. Human impact: Consumption of resources. 

• What are renewable and nonrenewable re- 
sources? 

• What are some examples of them? 

• Where are these resources located? 

• How are they formed? 

• What resources are found in Ohio? 

• How are these resources obtained? 

• What are resources used for? 

• How many items we use every day come from 
nonrenewable resources? 
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• How long can we reasonably expect our nonre- 
newable resources to last? 

• How Ccin we extend the supply of our resources? 

R Human impact: Pollution. 

• How is our consumption of resources related to 
our solid waste? 

• How much solid waste do each of us produce? 

• What is in the solid waste stream (from indi- 
viduciLv Bexley, Franklin County)? 

• How is the solid waste problem being investi- 
gated? 

• How is solid waste being handled in Franklin 
County? 

• How can we reclaim the resources in our solid 
waste? 

• How is our consumption of resources contribut- 
ing to air pollution? 

• What types of ah* pollution are being generated? 

• How are the different types of air pollution 
formed? 

• What are the environmental consequences of air 
pollution? (global climate change, acid rain, 
ozone depletion) 

• What can we do to reduce air pollution? 

• What are the sources of water pollution in 
Bexley and the rest of Franklin County? 

• How can we reduce the eunount of water 
pollution coming from residential areas? 

• What kinds of tests can be done to determine the 
quality of a body of water? 

• How does sharing water quality data with 
participants in Project Green and the Central 
Ohio Earth Systems Education network help us 
to understand the water pollution problem? 

G. Human impact: Reducing our impact. 

• What can we do to reduce our impact on the 
Earth System? 

• What policy changes might help reduce human 
impact? 

• Why is stewardship important? 

• How can the seven understandings help us 
better appreciate, protect, and sustainably vise 
the Earth? 



Eight Grade Earth Systems Science 

A. Watersheds and Issues 

• What is the urban watershed? (especially the 
Bexley part of it) 

• How are humans individually a part of the 
urban watershed? 

• How is the urban environment a contributor to 
the quality of surface waters? 

• How do streams in Ohio flow? 

• What is the major drainage divide in Ohio? 

• How does human intervention in watersheds 
influence flooding? 

• How is the drainage related to water quality? 
(detergents/phosphates) 

• How can the water quality of portions of. 
streams be monitored? 

• How ccin computers help to manage and ma- 
nipulate water quedity data? 

• How can electronic networks be used to dis- 
seminate information about the environment? 
(sepcifically, water quality) 

• What can citizens do about deagraded water 
quality? 

B. Wetlands 

• Where are wetlands found? (interface /interac- 
tions) 

• What functions do wetlands serve in the envi- 
ronment? 

• What are some Ohio wetlands? 

• What is the value (to humans) of wetlands? 

• What is the biodiversity of wetlands? 

• How can the nature of wetlands be determined? 
(field trip) 

• What physical factors are an important part of 
wetlands? 

• How can wetlands be sinmlated/managed on a 
computer? (STELLA) 

• How are wetlands disappearing? (including 
legislation) 

C. Biodiversity 

• How can biodiversity be determined? 

• What is the biodiversity of Bexley? (keep a 
journal) 

1 5 b 
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• Why is the biodiversity of Bexley the way it is? 
(compared with other areas) 

• Why is biodiversity importajit to humans? 

• How has biodiversity changed over time? 

• How can diverse organisms be modeled on a 
computer? (SimLife) 

• How have humans affected biodiversity? 

• How does deforestation affect biodiversity? 
(Ohio and globally) 

D. The Earth — Change Through Tune — Resources 

• How are the locations of wetlands related to 
global climate? 

• How has climate changed over time? (thousands 
to millions of years) 

• . How can proxy data (tree rings, coral banding, 
ice cores, glacial deposits) be used to tell us 
about climates in the past? 

• Why have organisms changed over time? 
(millions to billions of years) 

• What happens to biodiversity when the climate 
changes? 

• How have humans affected climate change? 
(global wanning) 

• How has climate change affected human popu- 
lations in the past? 

• How does deforestation affect climate? 

• How can the climates on Venus and Mars be 
used to help explain global climate change on 
Earth? 

• How can a computer simulation help to explain 
how human activity affects the climate of planet 
Earth? (SimEarth) 

• How do weather events affect populations? 

• What causes these weather events? 

• How can geological events affect climate? 
(volcanic eruptions) 

• Why are volcanoes located where they are? 

E. Ohio Natural Resources 

• Plate tectonics - Where are global mineral 
resources located and why? 

• What are the effects of extracting these re- 
sources? 

• Do earthquakes occur in Ohio? 

• What are the mineral resources of Ohio? (also 
fossil fuels) 

• How did these resources form? 

• How does the use of these resources affect the 
environment? (includes acid rain) 



• What energy resources are available to replace 
fossil fuels? 

• What factors affect the usefulness of the differ- 
ent types of resources? (central Ohio) 

• What are the social/ legislative ramifications of 
the use of these resources? 



Appendix A — Earth Systems 
Understandings 

Understanding #1 

Earth is unique, a planet of rare beauty and great value. 
Understanding #2 

Human activities, collective and individual, conscious 
and inadvertent, affect Earth systems. 

Understanding #3 

The development of scientific thinking and technology 
increases our ability to understand and utilize Earth and 
space. 

Understanding #4 

The earth system is composed of the interacting sub- 
systems of water, land, ice, air, and life. 

Understanding # 5 

Planet Earth is more than 4 billion years old and its 
subsystems are continually evolving. 

Understanding #6 

Earth is a small subsystem of a solar system within the 
vast and ancient Universe. 

Understanding #7 

There are many people zoith careers that involve study of 
the origin, processes, and evolution of Earth. 
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Appendix B — Resources 
(not all-inclusive) 

Curriculum projects/printed materials 

Project WILD, WILD Aquatic, and Learning Tree 
Living, Lightly in the City, on the Planet, 

CEPUP (Chemical Education for Public Understand- 
ing Program) 

Periodicals 

Garbage, National Geographic, Discover, E the Environ- 
mental Magazine, Earth, USA Today, Columbus Dis- 
patch, Newsweek, Time, Scientific American, National 
Wildlife publications 

Videodiscs 

Our Environment, Planetary Manager, Optical Data 
"Windows" and Living Textbook series 



Computer Software 

SimCity, SimEarth, SimLife, SimAnt, various spread- 
sheet, word processing, database (HyperCard), 
communications programs 

On-line Databases 

Prodigy, USGS Earthquake Line, SpaceLink (NASA) 
Agencies 

Ohio EPA, Ohio Department of Natural Resources, 
Franklin County Metro Parks 

CD-ROM 

Compton's Encyclopedia, JEI (University of Mary- 
land), National Climate Data Center CDs, 
Audubon's Birds and Mammals, etc. 




Dan lax, leader of the Bexley Middle School Science team, discusses Bexley's ESE curricula with Hiroshi Shimono, 
head of the Earth Science Section of the Ministry of Education, Japan. Masakuzu Gotah, middle school teacher from 
Japan, and Salve Dorada, a high school teacher from the Philippines. 
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A program for the future 




I he present curricuLt in science and mathematics are tyuerst tiffed and undernourished. ... I o 
turn this situation around will take determination, resources, and time. 

— AAAS, Project 2061 : Science for All Americans 



by Rosanne Fortner, Roger Pin nicks, 
Edivin Shay, Pat Barron, Dan ftx, 
William Steele, and Vic Mayer 

s far back as 1 987, the high 
school science teachers of 
Worth i ngton , Oh io. began 
to sense a need for change. 
Their dissatisfaction with 
t h e c u r re n t c u r ric u lu ni grew 
as reports continued to rank U S. stu- 
dents at the bottom of the global scale for 
achievement in Earth science and ad- 
vanced biology. Only percent of high 
school students enroll in Earth science; 
biolog\' is the preferred starting course. 
And. as Project 206] began to call for a 
“less is tnore” approach to science teach- 
ing. they were encumbered with a I ..^5 kg 
Earth science text with a S SO- word glos- 
sary and an even larger 1 .5 kg biology text 
with a 900-word glossary. A system-wide 
self-assessment also identified other prob- 
lems that included a lack of computer 
literacy technology access, real world link- 
ages, and science career guidance. I he 
impetus foi change was in pLue. 

■ THESai-NCKTIACHER 



TO TURN THIS 
SITUATION AROUND... 

In response to the situation in their dis- 
trict. 1 0 science teachers, the department 
chair, and another teacher on special as- 
signment collaborated to restructure the 
secondary science program. Ehey .sought 
to refocus lesson plans in the natural 
sciences, so that .students would once 
again be learning about the structure and 
function of Earth systems — a focus all 
but abandoned in many secondary school 
programs. 

WILL TAKE DETERMINATION,... 

riie efforts of the Worthington team 
were bolstered by statements of profes- 
sionals on all levels. Project 2061 helped 
by identifying what every high school 
students should know. NS I A’s Scope, 
Sequence, and C^oordination echoed the 
need for change. At a conference spon- 
sored by NSTA and the American Geo- 
logical Institute, geoscientists, teachers, 
and science educators discussed the need 
for Earth science literacy. Ed Shay, a 
member of the Worthington team, par- 
ticipated in that meeting and came away 



feeling that the answer to his district’s 
[)roblcms with ninth grade science was at 
hand. 

rhe Worthington group refined a vi- 
sion of Earth Systems Education that 
focused on how the subsystems of hy- 
drosphere, atmosphere, lithosphere, bio- 
sphere. and cryosphere interact and re- 
late to human activities. As a national 
curriculum model. Earth Systems Edu- 
cation provided a relevant context for 
teenagers. 

Bringing about changes in curriculum 
structure, however, is not something to 
be taken lightly. Years of experience with 
the same curriculum generate a degree of 
comfort and confidence in teachers. *fo 
convince teachers to abandon their ways 
and strike out into the unknown is not a 
task for the faint of heart. 

The Worthington team embraced the 
need to restructure, and vowed to make 
c ha nge happen . 1 he course they designed 





Reprinted with permission from NSTA Publications^ Dec. 1992, from The Science Teacher, National Science 
Teachers Association, 1840 Wilson Blvd., Arlington, VA 22201-3000. 
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integrated the ninth and tenth grade pro- 
gram into a new curriculum, Biological 
and Earth Systems Science (BESS), which 
offered: 

• relevance to student needs; 

• interdisciplinary and collaborative 
experiences (the way real science oper- 
ates): 

• understandings (rather than bits and 
pieces); 

• rigor (exploring, questioning, and 
making decisions); and 

• critical thinking (not just memoriz- 

>ng)- 

The team was so committed to their 
product that they encouraged the admin- 
istration to make the new two-year se- 
quence a requirement for all students. 
BESS I was taught in 1 990-9 1 , and BESS 
II for the first time in 1991-92. (The 
learner outcomes of the course are listed 
in Figure I.) 



RESOURCES,.., 

To start up a new program such as BESS, 
the team needed money, equipment, mate- 
rials, and I nost ofall, time. Once the weighty 
textbooks were abandoned, teachers had 
to find appropriate reading and lab mate- 
rials. A new mindset had to be adopted, as 
well, as the boundaries betw'een traditional 
subject matter and categories were soft- 
ened and connections were empliasi/cd. 

T he start worked with the Ohio State 
University facul;y in seeking out grants 
and materials for the BESS program. To 
broaden their own horizons, individual 
BESS teachers participated in the JEdi 
development project, the Sea Education 
Association Satellites in Education Con- 
ference, a conference on alternative as- 
sessment methods, and NSl'A, NABT, 
and CiSA conventions. The most valu- 
able resource, however, was the creativity 
and resourcefulness of the teachers and 
their advisory' groups. 



LEADERSHIP,... 

Little of the progress in BESS to date 
would have been possible without the 
commitment of those on the front lines of 
reform, the teachers themselves. They 
had a sense of mission, and theirs was 
truly a cooperative learning experience. A 
national advisory board was chaired by 
teacher Dan Jax from a nearby school 
system. Stanford professor Paul DeHart 
Hurd brought a national perspective, and 
provided the leadership that was needed 
when opposition surfaced. Some of the 
key objections raised by the “status quo” 
included; 

• parents of talented students who 
wanted a one- year fast t rack to A.P. courses. 

• Guidancccounselorsandparents,who 
feared that the course name on a transcript 
would be misunderstood by colleges. (The 
term Biological wx .dded to the course 
name as a result of counselor input.) 

It is fortunate that the many types of 
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FIGURE 1. Learner outcomes. 

As a caring, responsible, and scientifically literate person. I can... 

1. Exhibit a holistic understanding of planet Earth, recognizing that it is a system comprised 
of changing and interacting subsystems. 

2. Demonstrate an aesthetic appreciation of. and respect for. the beauty and value of the 
Earth, its grand cycles, and its life. 

3. Exhibit a holistic understanding of individual organisms, recognizing that each is a 
system comprised of changing and interacting subsystems, and that each is also a part of 
environmental processes. 

4. Demonstrate an awareness that humans are unique, that our activities may seriously 
impact planet Earth, and that individually and collectively we have the responsibility to 
make informed decisions on issues affecting the future of our planet and its inhabitants. 

5. Demonstrate wise use of Earth's limited resources. 

6. Use current technologies (computers, remote sensing, laboratory instrumentation, etc.) 
as tools to access and process information. 

7. Access, sort, interpret, analyze, evaluate, and apply information from a wide variety of 
sources, both current and historic. 

8. Recognize and define problems and issues, and demonstrate skills useful in solving 
problems and analyzing issues. 

9. Demonstrate skills for engaging in individual and collaborative scientific and social 
endeavors. 

10. Demonstrate effective communication skills within the context of science. 

1 1 . Show understanding of the basic concepts and principles of science, and apply them 
(along with the processes of science and technology), to solve problems, make decisions, 
and understand the world. 

12. Recognize biased information, pseudoscience, and fact versus opinion. 

13. Take and justify positions on science-related issues, based on valid, rational science 
concepts and ethical values. 

14. Demonstrate an awareness and appreciation of the personal usefulness of science as a 
way of learning about how the world works. 

15. Demonstrate awareness of science- related skills, careers, and avocations. 



leaders in the program maintained the 
determination to make it work. 

...AND TIME 

More time than anyone could have imag- 
ined was spent developing curriculum 
while curriculum was in progress, plan- 
ning day-by-day. securing materials and 
assistance. Phvsics teacher haulke Palmer 
.served as director managing fiscal as- 
pects; Ed Shay and biology teacher Roger 
Pin nicks developed the broad master 
strokes on integrative topics, and special 
assignment teacher Pat Barron facilitated 
the process. Pin nicks and Jim Immelt 
were released from all teaching for the 
critical second year of planning, facing 
not only a new curriculum but a new set 
of parents and a new superintendent. No 
one said it would be easy, but all are 
convinced it is worth the effort. 



Program evaluation is in progress to 
gauge the success of the BE^SS program in 
meeting its goals. Like all other aspects of 
the effort, thi.s is a multifaceted challenge, 
fhe current instruments used to identify' 
merit .scholars are not likely to be the 
same ones that can as,sess collaborative 
skills, choice of technological applica- 
tions, thinking and application ability, 
and knowledge of information resources, 
not to mention critical consumption of 
science information and recognition of 
the limitations of scietice. 

E*or now. several forms of evaluation 
are in progress, assessing BESS students* 
performance in achievingthe major goals 
of the course as well as mastering worthy 
portions of the more traditional .science 
content. In general, student attitudes to- 
ward their science experiences arc very 
positive in comparison with those in tra- 



ditional courses prior to BESS and in 
other schools. The academically talented 
students have difficulty with the new 
operating modes and evaluation methods 
that do not rely on traditional testing, 
rhis portends a challenge for all curricu- 
lum restructure efforts. As Paul Hurd ha:, 
.said, "Everyone is in favor of progress but 
no one wants to change!" As we look 
harder at what real learning consists of, 
we must look equally hard at how to 
measure successful teaching. The ulti- 
mate goals of BESS are expressed as learner 
t)utcomes that transcend science disci- 
plinary' goals, and as evaluation of the 
program proceeds, the richness of data 
measuring tho.se outcomes will add new 
dimensions to our understanding of suc- 
cess in science teaching and learning. 

RoSiVnie I'ortner i$ a professor of Niitural 
Resources and Scietice Education, The Ohio 
State University, 1945 North High St., 
Columbus. OH 4^210; Roger Tin nicks is a 
BFSS teacher at Thomas Worthington High 
School: Edwin Shay is a HESS teacher at 
Worthington Alternative Program: Pat 
Barron is formerly Teacher on Special As- 
signment for Science, Worthington Caty 
Schools and is currently Network Program 
Manager, Science & Mathematics Network 
of Central O hio; Dan fix is a science teacher 
at Bexley City Schools (Ohio): William 
Steele is a science teacher at Marysville 
Exempted Village Schools ( Ohio): and \ 'ic 
Mayer is professor of educational studies, 
natural resources, and geological sciences at 
the Ohio State University. 



NOTE 

For additional information on BESS> 
please contact Rosanne Fortner at the 
address provided or BESS program 
leader Brian Luthy at Thomas 
Worthington High School, 
Worthington, OH 43085. 
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RGURE 2. Year one framework. 

A. WHAT IS A SPECIES? 

Topic: Species an(j Populations 
A1 . What is a species? 

A2. How and why do scientists classify things? 

A3. What is species diversity and why is it important? 

A4. How are changes in populations caused by nature? 

A5. How do humans bring about population changes in other organisms'? 

A6. How IS it possible that you can influence the possible extinction of species, including humans? 

A7. What are the consequences of continued population growth? 

B. WHERE IN THE WORLD ARE WE? 

Topic: Change and Remote Sensing 

B1 . How are maps, aerial photos, and satellite Images used to study the Worthington area? 

B2. How do comparisons of data/information over time show change? 

B3. How do ground observations provide clues for the interpretation of aerial photos and satellite images? 

C. WHAT CAUSES WEATHER CHANGES? 

Topic. Weather Systems 

Cl . What IS the source of energy in our atmosphere? 

C2. What causes weather to change? 

C3. What are the Interactions between large bodies of water, land, and atmosphere that influence weather? 

C4. What makes the wind? 

C5. What makes it rain or snow? 

C6. How can changes in the weather be monitored and predicted? 

C7. What causes seasonal changes in the weather? 

C6. How does weather affect ycu, and how does it affect other organisms? 

C9. What causes violent weather such as blizzards, tornados, thunderstorms, and hurricanes? 

CIO. How can you protect yourself in a blizzard, a tornado, or a thunderstorm? 

D. WHAT FACTORS INFLUENCE ECOSYSTEMS? 

Topic: Ecosystems 

D1 . How did the landforms and soils in this area develop? 

D2. How did the bodies of water and landforms influence organism distribution? 

D3. How do we make use of these natural features today? 

D4. How does energy flow within an ecosystem? 

D5. What are some interrelationships in an ecosystem? 

D6. How are ecosystem relationships altered and what are some of the results of these changes? 

D7. What are the factors that make up our deciduous forest biome? 

D6. What factors could alter our deciduous forest biome? 

D9. What are the factors that make terrestrial and aquatic biomes in the world unique? 

DIO. What effects do biomes have on global environments? 

E. HOW IS AN INDIVIDUAL ORGANISM A PRODUCT OF ITS ENVIRONMENT? 

Topic: The Individual Organism and Its Environment 

El . How is structure related to function in complex organisms? 

E2. How does design (structure) influence the way organisms behave? 

E2. How does the environment help to influence the design and/or behavior of an organism? 

E4. What are some of the positive and negative ways that organisms respond externally to factors in their environment? 
E5. How is an individual organism a product of what It takes in? 

F. WHAT ARE THE LOCAL AND REGIONAL NATURAL RESOURCES THAT WE USE. AND HOW DOES THEIR USE IMPACT THE 
EARTH SYSTEM? 

Topic: Ohio's Natural Resources 

FI . What are Ohio's major natural resources, how did they form, and how do we use them? 

F2. Which of these Ohio natural resources are renewable? Which are non-renewable? 

F3. What are some of the consequences of obtaining and/or using these resources? 

F4. How can we minimize the effects of the resulting wastes on the environment? 



G. CULMINATING ACTIVITY 
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FIGURE 3. Year two framework. 

H. WHAT IS A SYSTEM? A SUBSYSTEM? 

Topic: Systems Concept (revisited) 

I. HOW DO INDIVIDUAL ORGANISMS FUNCTION AND CHANGE THROUGH TIME? 

Topic; Organisms as Systems; Structure and Function of Individual Organisms 

11 . What is the internal structural organization of organisms? 

12. How do the Internal subsystems of an organism function and respond to change? 

13. What are the main biochemical processes that sustain organisms? 

14. What structures and biochemical processes are related to reproduction? 

15. How do the structures and biochemical processes of organisms function interconnectedly to achieve essential matter 
and energy exchanges? 

16. What are some of factors that may change the normal functions of an organism’s subsystems? ' 

17. What are some issues or concerns regarding the well-being of individual organisms? 

18. What makes life unique, valuable, and beautiful? 

J. HOW AND WHY DO THE EARTH S SUBSYSTEMS CHANGE AND INTERACT THROUGH TIME? 

Topics: Changes and Interactions; Crustal/Ocean Evolution, Ecological Succession, and Climate Change 

J1 . What are the causes and effects of crustal evolution and other major changes in the Earth’s subsystems? 

J2. How does matter move through biogeochemical cycles Involving different subsystems? 

J3. What can fossils and other Earth archives tell us about the nature of and the ’’ate of changes and interaction in the 
Earth's subsystems? 

J4. How can changes in the li-rth s subsystems be monitored and predicted? 

J5. HOW and why are humans altering the Earth’s subsystems? 

J6. What are some issues or concerns raised from these activities? 

J7. What should we do to minimize our negative impacts or changes in the Earth’s subsystems? 

K. HOW AND WHY DO SPECIES CHANGE THROUGH TIME? 

Topics; Organic Evolution. Reproduction. Genetics, and Biotechnology 

K1 . How do the major natural processes that may result In changes in species work? 

K2. What changes in genetic diversity may result from these processes? 

K3. What evidence is there for organic evolution? 

K4. How are genetic information molecules replicated, transmitted, expressed, and altered? 

K5. What are the mechanisms and principles of genetics/heredity? 

K6. How and why are humans altering natural genetic and/or reproductive processes? 

K7. What are some potential implications and impacts of these alterations? 

K8. What are some issues or concerns raised by these alterations? 

L. HOW SHOULD WE MANAGE EARTH’S LIMITED N.ATURAL RESOURCES AND REDUCE NEGATIVE IMPACTS ON GLOBAL 
ENVIRONMENTS? 

Topic: Earth’s Limited Natural Resources 

LI . What and where are Earth’s limited natural resources, how were they formed, and why are they important? 

L2. What are sc.ne issues or concerns regarding Earth’s natural resources? 

L3. What is the relationship between human population growth and the implications of managing Earth’s natural 
resources? 

L4. Wiiat are ’he responsibilities of humans toward natural resources? 

L5. How can/should renewable resources be managed for sustainability? 

L6. What are some organizations that are involved in environmental stewardship activities? 

L7. What are some options available in the acquisition and utilization of natural resources that would minimize negative 
impacts on Earth’s subsystems? 

M. HOW SHOULD WE MANAGE WASTES AND POLLUTANTS AND REDUCE NEGATIVE IMPACTS ON GLOBAL ENVIRONMENTS? 

Topic: Wastes and Pollutants 

Ml . Which major pollutant sources are not the result of human activities, and cannot or should not be managed? 

M2. What are some issues or concerns regarding wastes and pollutants? 

M3. How can wastes and pollutants that enter one Earth subsystem affect other Earth subsystems? 

M4. What Is the relationship between human population growth and the magnitude of waste and pollutant problems? 
MS. How should we manage human-activities-generated wastes and pollutants and reduce negative impact on global 
environments? 

N. CULMINATING ACTIVITY 
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INSIDE A BESS CLASSROOM 



I f you were to walk into a BESS 
classroom, how would this inte 
grated program be different from a 
typical high school biology or Earth 
science class? 

FACILITIES 

Teacher Brian Luthy s room is typical of 
a BESS classroom. Its walls are covered 
with student generated computer art and 
collages illustrating interrelationships be- 
tween various science topics. There are 
terraria and aquaria, rocks and minerals, 
and many maps and aerial photos in dif- 
ferent formats on display. A magazine 
rack holds a variety of current science 
magazines. The classroom also contains 
six Macintoshes with large color moni- 
tors. One Mac has a modem attached to 
the phone line in the preparation room, 
and another is linked temporarily to the 
videodisc player. An IBM and CD-ROM 
workstation is carted between rooms as 
needed. 

SCHEDULE 

rhe class period is 53 minutes long, and 
BESS teachers have five classes per day. 
Teachers share a release day once a month, 
during which they exchange ideas and 
activities. Since computer hardware is 
somewhat limited, teachers alternate ac- 
tivities within the scope of a single science 
investigation. For instance, while one 
teacher has the computers for simulations 
or database development, another teacher 
does field work or uses mapping exercises 
to complement the computer applications. 

SYLLABUS 

The framework for BESS I and 1 1 is based 
on questions to be explored (see inset). It 
is a fluid structure lor the curriculum, 
capable of being rearranged or otherwise 
altered in response to external events 
(teachable moments that can not be ig- 
nored, or internal opportunities such as 
teacher expertise and student interest). 

A look at the types of questions used to 
structure the BESS curriculum makes it 
clear that this is not simply a course that 



does Earth science today and biology 
tomorrow. Topics suggested by the ques- 
tions are integrated to a far greater extent, 
and frequently involve the use of innova- 
tive data sources. The questions are de- 
signed to address components of the 
Framework for Eanh Systems Education 
(Figure 3), a way of thinking about sci- 
ence content that can quickly demon- 
strate the idea that “less is more.” To fully 
develop one of the Earth systems under- 
standings takes thought, innovation, use 
of diverse forms of historical and experi- 
mental data, and interaction of people 
with different approaches to problem* 
solving. Not only the content ofthe course, 
but the methods are different. 

TEACHING METHODS 

Lectures are rare, but lO-minute orienta- 
tion programs may be used to introduce 
a new topic or laboratory approach. Vi- 
sual aids come from videodiscs and CDs, 
and reading materials are drawn from 
daily newspapers and other periodicals. 
The main purpose in “teaching” is to set 
up a scenario for an investigation or es- 
tablish a collaborative learning frame- 
work for a new topic. 

Students work as teams about 75 per- 
cent of the time, alternately learning 
material from up-to-date sources and 
teaching it to other groups by integrating 
it with information they have collected. 
Serious discussions of science process, 
data interpretation, social ramifications 
of science, and so forth, are carried on in 
groups and may be brought to the entire 
class for amplification. 

GRADING 

Students are learning i i nontraditional 
modes, and performance evaluation is 
adapted to those modes. Group activities 
are judged on the basis of a grading rubric 
that incorporates the objectives for the 
study as well as group process skills. Au- 
thentic assessments provide scenarios that 
require students to apply knowledge to 
new situations. For example, what must 
be known, and how can the information 



be obtained, to decide whether an extir- 
pated species (river otters) could be suc- 
cessfully reintroduced to the local envi- 
ronment? Given certain data about river 
otter natural history and local develop- 
ment, students predict the outcome of 
reintroductions at various sites along the 
river. 

SOME SPECIFIC EXAMPLES 
OF BESS ACTIVITIES 

Endangered and threatened species are 
just a part of the important topic of 
biological diversity and its importance 
for ashared planet. Instead ofdoingency- 
clopedia research on various species, co- 
operative groups selected species to study 
for the purpose of protecting them. Their 
task was to find current relevant i nforma- 
tion on their species and threats to its 
survival, and present a proposal for how a 
grant of $5 million could be used in 
species preservation. 

SimCity, a Maxis software program, is 
used extensively in BESS I for its capabil- 
ity to simulate land use planning and 
evaluation of alternatives in municipal 
development. When student groups are 
familiar with the way the simulation op- 
erates, they are challenged to develop the 
most polluted city possible. Since they 
know what combinations of housing, 
commercial, and industrial development 
create problems for the Sims, they can 
easily maximize the problems. The next 
challenge is to take a given amount of city 
funds and develop programs that rescue 
SimCity and restore ecological and social 
tranquility to their representative Eanh 
systems. 

Students at one high school studied a 
river that flows near their school. Collect- 
ing data from the river and its banks, 
using published scientific literature, aerial 
photos, and topographic maps, they as- 
sessed the feasibility of reintroducing the 
river otter to the area. Students then had 
to make recommendations to the head of 
the Ohio Department of Natural Re- 
sources on whether to reintroduce the 
otter or not. 
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Sample Activities and Units 



In this final section of the Resource Guide, we provide you with some sample activities that have been collected and 
modified by Earth Systems teachers to fit an ESE curriculum. We have provided them at each of the three levels. The 
Elementary unit was developed by a husband and wife team. Bill Steele was one of the PLESE staff members while he 
was working on his MS degree at OSU. When he returned to his position in the Marysville Middle School, he inter- 
ested Carla, his wife, in the ESE ^ort. She participated in the final PLESE workshop held in Greeley in 1993. Subse- 
quently th^ worked as a team to pull together ideas from the elementary team participating in the workshop to provide 
an integrated unit of activities. 

The middle school unit was developed by Dave Crosby, a teacher at Park Street Middle School in the South-Western 
City School System (OH) and Shirley Brown, teacher at the Clinton Middle School in Columbus (OH). Dave was a 
team leader for the Middle School team at the 1993 workshop. The unit represents a synthesis of the ideas from this 
group and others that Shirley and Dave had developed by themselves and from other middle school teachers who 
participated in a middle school Eisenhower program conducted through The Ohio State University. The high school 
activities are some that are chosen from the Worthington Biological and Earth Systems Science Curriculum. They were 
edited by Mark Maley from activities he and his colleagues in Worthington had developed for their program. 



Earth Systems Education 
Elementary Level Unit 

Assembled and developed by Carla and Bill Steele, 
Marysville Village Exempted School District (OH) 

Introduction to the Unit 

The following is a collection of K-5 ESE materials 
than can be used as a unit or as separate activities. 
Any can be modified to work successfully within 
any of the elementary years. While all of the materi- 
als represent ESE philosophy, they also focus more 
specifically on the concept of change. 

Change is inevitable. All things, Uvmg or not, 
change. Sometimes it is quite evident, such as the 
eruption of a volcano or the birth of an animal. 
Other times change is quite difficult to perceive on a 
human time scale, such as the growth of a giant 
redwood or the uplift of a moimtain range. The 
materials which follow include examples of both 
rapid and slow change. Some are beneficial to life, 
some are harmful and some are neither. As long as 
the universe exists there will be change. 



In each of the Earth's "spheres" or subsystems — 

Life (biosphere). Rock (lithosphere). Water (hydro- 
sphere), and Air (atmosphere) — we can observe 
changes that take place both quickly and slowly. In 
the Life segment of this unit the life cycle of ^ insect 
allows students to observe how rapidly change can 
take place. The development of soil as illustrated in 
the Rock unit should provide insight into the very 
slow processes on Ea^ that cause equally impor- 
tant dianges. Water, that invcduable and often 
imapprec ited liquid, is the focus of a group of 
activities that provide both a better imderstanding of 
water and demonstrate the need to promote the 
stewardship of this resource. Again the theme of 
change can be seen cis water is transformed from 
ptire to polluted and back. The sometimes rapid 
and potentially violent changes that occur in 
weather patterns are examined in the activity on Air. 

Seldom if ever do changes occur within one sub- 
system without affecting the others. These inter- 
actions make it imperative for students to attain a 
global perspective regarding their actions and those 
of our society and their impact on our land, life, 
water or air. Such changes influence the Earth 
systems in our Hemisphere and worldwide. These 
interrelationships are what make science both 
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interesting and challenging for many researchers 
both young and old. 

A Native American perspective is taken in both the 
Rock and Air sections. These two activities have 
been excerpted from the book Keepers of the Earth, 
This volume follows the Earth Systems philosophy 
to a great extent and adds a component of literature 
preceding the science activities it presents. A repre- 
sentative Native American myth introduces the 
ideas to be studied in each section. 

While change is inevitable it is not always desirable. 
Change we would call growth and maturation in 
plants and animals is definitely inevitable and 
typically desirable. Change in the quality of air, 
water, and land over the past several decades in 
many parts of the world is neither inevitable nor 
desirable, but we face a daunting challenge in trying 
to correct the problem. One major step in this.battle 
is the education of the youth who have a tremen- 
dous stake in providing a more habitable planet for 
all of us to live on. Earth Systems strategies will 
allow students to better comprehend the challenge 
and goal of maintaining this planet as the only home 
we have. 




Chris Tottsmeir, Carla and Bill Steele and Margaret Sadeghpour- 
Kramer work on ESE activity for an elementary school curriculum 
during the 1993 PLESE xvorkshop in Greeley, CO. 



The activities included in this unit are: 

1. Earth 

2. Wind and Weather 

3. DRIPS in the Right Direction.... Cleaning up 
Water 
Insects 



Activity One: Earth 

Subsystem: Rock 
Understandings: 

Earth is unique, a planet of rare beauty and great 
value. 

Human activities, collective and individual, 
conscious and inadvertent, seriously affect Earth 
systems. 

The development of scientific thinking and technol- 
ogy increases our ability to understand and utilize 
Earth and space. 

The Earth system is composed of the interacting 
subsystems of water, rock, ice, air, and life. 

Earth is more than 4 billion years oM and its sub- 
systems are continually evolving. 

There are many people with careers and interests 
that involve study of Eeirth's origin, processes, and 
evolution. 

Description: 

Mythical stories with related activities explaining 
the rock cycle, weathering, erosion, and soil forma- 
tion. 

Estimated Time to Complete Activity: 

One to several class periods depending upon how 
many of the segments you complete. 

Questions, Materials & Procedures: 

See reference in Section Eight entitled "Tunka-shila, 
Grandfather Rock" and "Old Man Coyote and the 
Rock" of Keepers of the Earth pp. 57-63. 

Reference: 

Caduto, Michael J. and Joseph Bruchac. 1989. 
Keepers of ihe Earth Golden, CO: Fulcrum, Inc. 

This book and its companions are available from 
The National Science Teachers Association, 
mai\y natural history stores, and museums. 

i. 0 
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Activity Two: Wind and Weather 

Subsystem: Air 

Understandings: 

Earth is unique, a planet of rare beauty and great 
value. 

Human activities, collective and individual, con- 
scious and inadvertent, cire seriously impacting 
Earth. 

The development of scientific thinking and technol- 
ogy increases our ability to understand and utilize 
Earth and space. 

The Earth system is composed of the interacting 
subsystems of water, rock, ice, air, and life. 

Earth is more than 4 billion years old and its sub- 
systems are continually evolving. 

There are many people with Ccireers and interests 
that involve study of Earth's origin, processes, and 
evolution. 

Description: 

Mythic^ stories with related activities explaining 
why and how the wind blows, things moved by the 
wind, air pressure, and pollution. 

Estimated Time to Complete Activity: 

One to several class periods dependmg upon how 
many of the segments you complete. 

Questions^ Materials & Procedures: 

Use Section Nine entitled "Gluscabi and the Wind 
Eagle" from Keepers of the Earth, pp. 67-75. See this 
section of Activity One above for availability. 



Activity Three: Drips in the Right 
Direction. . .Cleaning Up Water 

Subsystem: Water 
Understandings: 

Earth is unique, a planet of rare beauty and great 
value. 

Human activities, collective and individual, con- 
scious and inadvertent, cure seriously impacting 
Earth. 

The development of scientific thinking and technol- 
ogy increases our ability to understand and utilize 
Earth and space. 

The Earth system is composed of the interacting 
subsystems of water, rock, ice, air, and life. 

Earth is more than 4 billion years old and its sub- 
systems are continually evolving. 

There are many people with careers and interests 
that involve study of Earth's origin, processes, and 
evolution. 

Description: 

DRIPS = Developing Responsibility In Providing 
Solutions: 

The surface of planet Earth is comprised mostly of 
water. Even though tlie Earth's population contin- 
ues to grow at alarming rates, our water supply does 
not. Pollution of our planet's water is one of the 
most crucial issues facing the global community 
today — one that we must all address. It is the 
intent of this set of activities to create an awareness 
of both the aesthetic value and the overall impor- 
tance of water — thus creating an awareness of the 
need for conservation and preservation of this vital 
natural resource. The unit features a series of 
activities that assumes knowledge of the water c cle 
(however a brief review may be necessary) and 
integrates across curriculau: areas. The presentation 
of the activities encourages cooperative learning so it 
is important that classrooms be arranged in order to 
facilitate groups of three to four students working 
together. 
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Part 1. Water Knowledge and 
Attitudes 

This initial activity sets the stage for the unit study by 
asking students to share the knowledge they already have 
about surface water, and encouraging them to mal^ 
personal value judgments about the importance of water. 

Completion Time: approximately 60 minutes 

Materials Needed: Chart paper, markers, 
variety of pictures showing diversity in water forms 
(can be photographs, pictures from magazines, 
calendar art, etc., of lakes, streams, swamps, oceans, 
city reservoirs, water treatment plants, rain storms, 
and more), five tokens for each student (can be 
stickers or die cuts; each of the five tokens represent- 
ing a differing viewpoint — ecological importance, 
monetary value, beauty, residential choice, least 
value). 

Questions/Objectives: 

What knowledge do students already possess about 
water — with specific regard to surface water (lakes, 
streams, rivers, wetlands, oceans, etc.)? What 
attitudes do students have regarding the importance 
and value of water? 

Procedures: 

Students will be divided into cooperative groups of 
three to four members. The teacher will ask all 
membei*s to brainstorm what they already know 
about surface water to create group webs containing 
this information. Students may include any facts 
they feel pertinent to the topic such as types of 
surface water (streams, lakes, wetlands, etc.), 
pollution, causes for pollution, aesthetic characteris- 
tics of water, water activities, etc. One member from 
each group will serve as recorder to chart individual 
responses on the web. Allow five minutes for this 
portion of the activity and then ask for a reporter 
from each group to take turns sharing the informa- 
tion from each group web — one different fact 
offered by each reporter at a time. The teacher will 
record responses on a class web and facilitate this 
process until all responses have been reported. The 
class web will show what knowledge the students 
already have about this topic and will serve as a 
springboard for future investigations. The following 




is just one example of how the clciss web could be 
orgcinized — asking the students to classify "water" 
facts or information as responses are offered. The 
class web could be illustrated by students and 
should be added to cis the unit study continues. 

NOTE: This is but a sampling of the responses 
students may offer. Other topic headings could 
include water uses, water's influence on the arts, 
feelings inspired by water, water soimds, appear- 
ance of water (colors for example), storms, etc. 

The teacher will then make available a variety of 
pictures representing a great diversity in surface 
water (see materials listing for Activity 1 for descrip- 
tion). Have students display these pictures through- 
out the room. Each student will be given five tokens 
(stickers or die cuts). The teacher explains that each 
token represents a different viewpoint: ecological 
importance, monetary value, beauty, where someone 
would choose to live, and something of little value. 
Ask students to look at the pictures of water and 
explain to them that they will be asked to rate each 
picture according to what they deem to be of eco- 
logical importance, monetary value, beauty, where 
they would like to live, and the picture that repre- 
sents the least value to them. After they have made 
these decisions, ask students to place the tokens 
accordingly. When all tokens have been placed, 
afford students the opportunity to explciin and 
defend their decisions. The teacher should reinforce 
the idea that everyone's opinions and decisions need 
to be valued and respected. Differences reflect 
individuality, not whether someone is right or 
wrong. 

r/o 
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Part 2. Water in Human Culture 

"Wafer gives life to everything and is the bloodline of the 
Earth." This quote from Virginia Deswood-Ami, a 
Navajo participant in PLESE, is one that is mirrored by 
many cultures. Literature which embraces this perspec- 
tive mil be shaded and discussed, giving students the 
opportunity to compare various cultural xnewpoints xoith 
those of their own. 

Completion Time: approximately 60 minutes 

Materials Needed: Uteratiire... including fiction, 
nonfiction, poetry, folklore, picture books, etc. ..with 
special emphasis on multi-cultural selections...that 
deals with the significance of water and the part it 
plays in the cycle of life (suggesbxi literature: 
Bringing the Rain to Kapiti Plain: A Nandi Tale, 
stories from Keepers of the Earth, poetry from 
Haiku: The Mood of Earth, Riverkeeper, selections 
from Earth Prayers From Around the World). 

Questions! Objectives: 

What part does water play in the cycle of life? How 
is the significance of water depicted in literature, 
especially in regard to various cultural viewpoints 
and beliefs? 

Procedure: 

Students should reassemble into their cooperative 
groups to share literature that focuses on impor- 
tance of water. Each group may choose the book, 
poem, etc. its members will study, from the selec- 
tions made available by the teacher or through 
student preferences (see materials for Activity 2 for 
suggestions). Group members may decide how the 
literature selections will be conducted within each 
group: individual reading if multiple copies are 
available, book buddy sharing, a read-^aloud by one 
member, etc. Following this sharing, each group 
will discuss the selection and have the reporter 
present it to the class. The teacher will then facilitate 
a discussion to aid students in understanding the 
importance of water in the cycle of life. This discus- 
sion should also serve as a way for students to 
compare their views, expressed in Activity 1, with 
those of people from other cultures and the perspec- 
tives offered in the various literature selections. 



Part 3. Water Pollution 

The central focus of the set of activities is introduced in 
this one: ways in which surface water can become 
polluted. Students mil also begin to investigate how 
contaminants can be removed from water. 

Completion Time: approximately 75 minutes or 
two class periods 

Materials Needed: chart paper, markers, marga- 
rine tubs, water, salad oil, individual student 
journals, dish detergent, popcorn, spoons, salt, 
sugar, any other materieds students suggest for 
cleaning the oil from the water. 

Questions! Objectives: 

How does water get dirty? How can water be 
cleaned once it is polluted? How does scientific 
literacy allow people to xmderstand and manage 
water resources (what do we need to know to care 
for water)? 

Procedure: 

The teacher leads a discussion with the whole group 
dealing witn the consequences that arise when 
human practices supersede the importance of 
mcdntaiiung pure water. Students will be asked to 
relate this discussion to events they have heard in 
the news — past and present — and participate in 
creating a cl^ web centering on the question, 

"How does our water become dirty?" (Responses 
should include household waste, industrial waste, 
etc.) The web can be compiled in the same manner 
as described in Activity 1 or conducted as a whole 
group activity. 

Students return to their cooperative groups and the 
following roles should be assigned: gatherer(s), 
recorder, and reporter. Each gatherer gets a marga- 
rine tub containing water and a layer of salad oil. 
The teacher explains that the oil represents a poUut- 
ant and asks the groups to generate ideas about how 
to clean the oil out of the water. The recorders list 
these. The students are then given the opportunity 
to test their theories using the materials listed earlier 
and the recorders write down the results of each 
attempt (some suggested materials could include 
dish detergent, popcorn, spoons, salt, sugar). The 




16<S* A ki sol k< I C»> ll>l I OK 1'^ III S\ S I 1 \is 1 j)1 ( \1 IO\ 



reporters share results from each group with the 
class. These investigations are followed by the 
teacher leading a discussion focusing on what 
worked best and expanding the discussion to 
include: "What other problems arose from the 
cleanup?" (disposal of oil, cleanup of materials), 
"Can all pollutants be cleaned in the same way?," 
"Are there some things we can't remove from water 
with this type of a filter?" 

NOTE: Be sure to consider invisible pollutants in 
the discussion (pesticides, chemicals, etc.). 

Each student should record their reactions to the 
investigations in their individual science journals. 
These journals should be used consistently through- 
out the unit, as an ongoing activity, to record stu- 
dents' reflections, drawings, observations, and any 
other relevant information deemed important by 
the students or teacher. 

NOTE: Teachers may consider the use of dialogue 
journals between teacher and students or between 
classmates. 



Paki 4. Filtering Water 

Students xvill design, build, and test a water filtration 
system. 

Completion Time: approximately 75 minutes for 
three to four class periods 

Materials Needed: class web created in Activity 
3, instructions on cards or charts, two liter plastic 
bottles, knives, mesh, rubber bands, cotton, sand, 
charcoal, water, dirt, vinegar, cups for runoff, pH 
testing kits or paper, food coloring, pebbles, various 
soils, crushed limestone, dishwater and oil, dishwa- 
ter and food coloring, dishwater and vinegar 
mixtures, tempera paints, paper/ pencils or chart 
paper/ markers, student journals, any other materi- 
als students suggest for investigations. 

Questions! Objectives: 

How can some pollutants be filtered out of water? Is 
all pollution visible in water? Why or why not? 
What types of contaminants will or will not filter out 



of the systems? Why or why not? Are all types of 
filter systems equally effective? Why or why not? 

Background Information: 

The filter systems that are being designed and tested 
remove particles suspended in the water (mixed in, 
but not dissolved). Dissolved materials will go 
through the filtration system with the water. Teach- 
ers may want to limit "contaminants" to those that 
will settle out so the filter will remove them (paint 
and sand will filter out; sugar and salt will not). 

Solutions and suspensions are types of mixtures. 

The difference between the two is the size of the 
pcirticles involved. In a suspension in water, the 
suspended particles are tiny clumps of matter, both 
visible and invisible. In solution, the mixed particles 
are the size of molecules, which are tiny. Particles in 
solution will pass through any filter system and will 
not settle out over time, but will remain mixed. 

The following are the genercd directions for building 
a water filtration system, but students should be 
afforded the freedom to create their own facilities. 
Place directions on instruction cards or chart paper 
and make availa)>le to cooperative groups if they 
desire them. Lay out all the materials that will be 
needed and let each group design and build its own 
system. Students can "publish" their designs and 
conduct their own testing instead of following the 
teacher directed instructions. Groups can be encour- 
aged to make their own decisions about what types 
of waste water will be tested. Tlte teacher could also 
present scenarios or problems to the groups, before 
the design stage, which could impact how the group 
approaches the construction of its water filtration 
system (i.e. if there has been an abundance of 
rainfall and the river is muddy, how would cleanup 
be handled?). Approaching the activity in this 
manner would provide more student empowerment 
and ownership. Teachers can prepare as much or as 
little as needed, depending on the .lumber of 
students. 

Procedure: 

The teacher begins with a review of the previous oil 
spill activity and the discussion of other water 
contaminants (add to the pollutant web if more 
arise). Discuss ways to clean other types of pollut- 
ants from homes and industries. Be sure to stress 
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the idea (from student attempts and information 
presented thus far) that nothing works completely. 
Cleanup is a matter of what works best or does not 
work at all. 

Have students reassemble into their cooperative 
groups and change roles. The teacher explains that 
each group will be assigned the task of designing 
and building a water treatment facility, using an 
empty two liter plastic bottle and various materials 
(suggested ones are listed in the materials list for 
Activity 4 and in the directions below). Students 
may use what they want, but they must come to 
agreement as a group before they build their facility. 
The teacher should explain to the whole class what 
materials are available prior to this portion of the 
activity. 

1. Cut tii? two liter plastic bottle in half. 

2. Make the six layers in the top half of the bottle 
as follows: Begin with one layer of cotton placed 
near the mouth of the bottle, follow with aHer- 
nating layers of sand, charcoal, sand, charcoal, 
sand. 

3. Secure the mesh over the mouth of the bottle 
using a rubber band. Place the top half of the 
bottle containing the layers on the lower half of 
the bottle. The mouth of the bottle should point 
down towards the bottom of the bottle. 

4. Prepare dirty water by adding one part dirt to 
five parts of water and stir. Measure the amount 
of dirty water to be poured through the filter 
system and stir again to make sure dirt has not 
settled. Pour immediately through the system. 

5. Measure the amount of water tliat went through 
the filter system. Save a sample for later tests. 

6. Refilter the runoff two more times measuring 
the amount of runoff water each time. Also save 
a small sample of each. 

7. Add 50 ml of vinegar to one of the water 
samples. Measure the pH before and after 
filtering. Record. 



8. Pour the vinegar filtered water mixture through 
the filter system. Measure the amount of runoff 
that went through and its pH. Compare finding 
to those in the previous step. Ask: did you find 
any differences in the pH levels? Why? 

9. Refilter the water from the last step, measure the 
amount and the pH of the runoff. Compare 
findings to the previous step. Ask: did you find 
any differences in the pH levels? Why? 

10. Add several drops of food coloring to the 
filtered water. Save half of the sample for 
comparisons. Pour the other half through the 
filter system. Compare the original sample with 
the sample that has been filtered. Ask: do you 
see any differences? What are they? Why? 

Repeat the filtering two more times, each time 
saving a sample. 

11. Observe any chcinges cind discuss conclusions 
that can be drawn from the investigations. 

Record all results in journals. 

VARIATIONS: 

• Chcinge the order of the layers. 

• Use c:ombinations of soils, pebbles, seinn or 
crushed limestone. 

• Encourage students to brainstorm other types of 
materials that could be used. 

Have the students continue to test their facilities by 
using examples of waste water: dishwater eind oil, 
dishwater eind food coloring, dishwater eind vinegar, 
or tempera paint. The groups will determine how 
successful the facilities are by comparing the filtered 
water with the original sample using sight eind smell 
(EMPHASIZE THAT STUDENTS ARE NOT TO USE 
TASTE AS A TOOL). Recorders will chart the 
findings in each group and the reporters will share 
the results svith die class. A class discussion will 
follow focusing on what did and did not work. The 
teacher also needs to emphasize that some pollut- 
ants are not detectable except through chemical tests 
and/or checks. 
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Part 5, Dealing with Waste Water 

The examination of how waste water and water contami- 
nation is dealt with on a local level is the goal of this 
activih/. This can be an effective way for students to 
become acquainted with scientists, government officials, 
agencies, and treatment facilities available in the area. 

Completion Time: several days (according to 
focus) 

Materials Needed: the book The Magic School 
Bus At The Waterworks, phone books/brochures for 
information on various speakers and water treat- 
ment facilities available in the local area, reference/ 
resoiuce materials for student research, writing 
paper, art supplies, videotapes, audio tapes, comput- 
ers, any other materials needed for group presenta- 
tions. 

Questions! Objectives: 

Why is it important for scientists, government 
officials, citizens, and others to study the effects of 
water pollution? Compare and contrast the advan- 
tages/disadvantages we derive from technology. 
How do individual communities deal with waste 
water and water contaminants? 

Procedure: 

The focus of this activity is to learn how waste water 
and water contaminants are actually dealt with on a 
local level. The class should share the book The 
Magic School Bus At The Waterworks by Joanna Cole 
and discuss the various facts/ information provided 
by Ms. Frizzle and her class. The teacher and/or 
students should do research on what facilities and 
speakers are available for panel discussions and/or 
field trips. The class should then plan to visit a 
water treatment facility in the community and/or 
invite speakers from the area knowledgeable on the 
topic to learn how the commimity deals with waste 
water contaminants, oil spills, or other contcimi- 
nants. In preparation for the field trip and/or guest 
speakers, students should be encouraged to conduct 
research on how water treatment/purification has 
changed in the commimity over the past one him- 
dred years (conducting interviews should be encour- 
aged). Also remind students to keep in mind such 
factors as population and how this has impacted 



water demand. Following this portion of the activity, 
it would be beneficial for students to reexamine the 
water treatment facilities built in Activity 4. "Why 
did some material filter more easily?" "What 
changes could now be made and why?" 

Allow students to reconvene in their cooperative 
groups to select a topic to study in-riepth, as well as 
decide what type of role each member should play. 
Some suggested topics are: 

• How has water treatment/purification changed 
in the community in the hundred years? (In- 
clude interviews with parents, grandparents, 
and others as resources for information.) 

• How do other counties, states and/or countries 
handle purification? 

• How can we use sea water as a drinking water 
source? 

• How does water pollution affect plants, animals, 
and land? 

• What kind of technology is used in water 
purification/treatment? 

♦ What types of careers deal with these issues? 

♦ How much water do we have to use? 

♦ What cire some local water issues? 

♦ What effects do the seasons have on water 
treatments? 

♦ What is "gray" water (reclaimed water) and 
how is it used? 

The teams will report the results to the class using a 
medium they prefer (written report, drawings, audio 
tape, videotape, etc.). 



Part 6. Consequences of Contamina- 
tion 

Students xvill be asked to investigate the consequences of 
surface water contamination and what impact this has on 
the interaction with other subsystems (ue. lithosphere and 
biosphere). 

Completion Time: approximately 60 minutes 
(observations charted over a one-week period) 

Materials Needed: instruction cards for each 
group or instructions written on chart paper (if 
teacher feels necessary), jars, sponges, sand, gravel, 
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white carnations, transparent cups, food coloring, 
eyediX)pj)ers, water, student journals, sugar, salt, any 
other materials students suggest for investigations. 



Questions/Objectives: 

What V ^.pad does water pollution/contamination 
have Ci. the land, ground water, and plants? 



Procedure: 

The focus of this activity is to help realize the 
interconnection between subsystems by allowing 
students to investigate how water contaminants 
affect the land, ground water, and plants. It also 
helps to demonstrate how contaminants leach into 
the soil and groimd water, and may be absorbed by 
plants. 



Assemble students in their cooperative groups and 
once again trade roles (add reader as a new role). 
Each group is given an activity card describing the 
activity. An alternative method is to have this 
mformation written on large chart paper posted at 
the front of the room or at each group's work area. 
The reader presents the information to the group 
and keeps die group on task while the teacher serves 
as facilitator. Each gatherer gets a sponge, jar of 
sand and gravel, five white carnations, five transpar 
ent cups with water, and one box of food coloring. 



Ehiring the first investigation, the group puts a dry 
sponge on top of the sand. Next, students use an 
eyedropper to drip four or five drops of food 
coloring on the sponge. Have the group predict 
what will happen if water is added to the sponge, 
record predictions in individual journals. Pour one 
to two cups of water onto the sponge and record the 
results comparing them to predictions. 



Take five cups of water and add six drops of food 
coloring to each of four cups...the fifth cup should 
remain as is. Place a white carnation in ^ach cup of 
water. Students should predict what will happen to 
the carnations, recording this information in their 
journals. To vary this portion of the activity, students 
could alter the quality of the water by mixing in 
sugar, salt, etc., but continue to let the food coloring 
represent pollutants. Ask them to note any differ- 
ences that might arise as a result of this variance. 
Students will record their daily observations in their 
journals and share results after a week. The teacher 
should guide the discussion by asking questions 



such as: "In what ways were the carnations affected 
and how?" "Which flowers lasted longer and why?" 
"How can these investigations be compared to what 
we have lecimed?" "In what ways can this informa- 
tion be used to help us understand real life prob- 
lems?" Water pollution has an effect on other 
subsystems: disturbance of the ecosystem, contami- 
nation of the food chain which could result in 
unhealthy food, animals, people and such. 



Part 7. Water Futures 

As a culminating activity students unll be given the 
opportunity to predict what the future holds in regard to 
water purification, reflecting upon past and present 
information gleaned from this set of activities. 



Completion Time: several days (according to 
focus) 

Materials Needed: art supplies, writing paper, 
coir^i::virs, videotapes, audio tapes, any other 
materials needed for group presentations. 

Questions/ Objectives: 

How will water purification/treatment be handled 
in the future? 



Procedure: 

Students can work individually or in groups on this 
culminating activity. Encourage them to utilize 
information they have gathered as a result of their 
studies during the presentation of this vmit. Ask 
them to choose one of the two following activities to 
explore and prepare a presentation that will be given 
to the class. These presentations could include 
authoring a book (informational or fiction), creating 
diagrams/drawings, compiling interviews on 
videotapes/audio tapes, designing and creating 
models, conducting an environmental campaign, etc. 

Pick a time, at least one himdred years in the future, 
and 

• Describe how water purification will be handled 
considering industri^, technological, and 
cultural changes. 

• Demoi^trate the advantages and disadvantages 
of technology as it relates to the hydrosphere. 



O 

ERIC 



175 





172 • A Ri SOI i<( 1 til 11)1 i()i< lAuiii Snmi \is 1!di < \iio\ 



Extensions: 

(A) Have students search for news articles relating 
to the topic of water purification. Have them 
bring these to class to post on a news bulletin 
board. Students take turns being a daily re- 
porter to share pertinent information with class, 
or students could tape TV or radio reports 
giving accounts of stories. 

(B) Students work in cooperative groups and create 
a water pollution disaster. It would be the task 
of the group to use creative dramatics/ role 
playing to meet this challenge. Role assign- 
ments should include career professionals 
(political and scientific) as well as community 
members who would play a part in the r imula- 
tion. 

(C) Students conduct interviews with people who 
could offer various cultural perspectives on the 
importance of water and the human impact on 
this resource such as community members who 
are Native American, African American, Japa- 
nese, etc. Students could also talk with people 
who have lived through droughts, lived in areas 
where water pollution has impacted the envi- 
ronment, farmed areas where irrigation is 
required, etc. Interviews could also be con- 
ducted with professionals who work in areas 
dealing with water quality. Suggested inter- 
views of professionals could include dejDart- 
ments of natural resources watercraft division 
personnel, water district management person- 
nel, hydrogeologists, water treatment facility 
engineers, environmental engineers, se>vage 
treatment technicians, government offic ials, 
local water conservation and planning commis- 
sion members, etc. Students could also conduct 
on-the-street interviews with membem of the 
general public to ask their opinions corceming 
water issues. This would be an oppoitanity for 
students to check the public's awareness and 
understcinding of environmental concerns. All of 
these interviews could be videotaped, audio 
taped, or published in book form supported by 
illustrations / photographs. 

(D) Students conduct a more in-depth review of 
literature (including picturebooks, poetry, 
folklore, etc.) that deals with water issues. 
Reviews could be presented in various media 
and shared with older/ younger clcisses as well 



as fellow classmates, a way to help educate the 
school community about the importance of 
water and the need to conserve and protect it. 

(E) Students can attend meetings of government/ 
community agencies that are considering issues 
dealing with water/water purification, offering 
input/suggestions based upon class studies of 
these issues. 

Assessment: 

This unit provides ample opportunity for coopera- 
tive learning and student choices. Alternative 
methods of assessment is the most effective way to 
evaluate student progress because "process" should 
be valued as much as "product," if not more. 
Suggested forms of assessment should include 
teacher developed anecdotal records/checklists/ 
matrices, individual science journals, research 
projects, and the culminating activity presentations. 
Anecdotal records/checklists/matrices should be 
developed to observe individueil student interactions 
within cooperative group activities (such as initiat- 
ing ideas, offering suggestions, defending positions, 
encouraging others, etc,), understanding specific 
concepts presented in the unit study, displaying 
process skills, response to literature, overall engage- 
ment cind participation in the clcissroom. Science 
journals can be used in various ways allowing for 
flexibility and individualization. Dialogue journals 
could be used as an ongoing cissessment, cis teachers 
would be consistently interacting and responding to 
student entries. 

Assessment of the research projects and the culmi- 
nating activity presentations will vary with the 
choices offered students. These provide an excellent 
opportunity to eveiluate student progress not only in 
science, but across curricular areas as well (i.e, 
language arts areas: reading, writing, speaking, 
listenii'ig; math/ art: models, diagrams, illustrations, 
drawings, etc.). Checklists or student written 
narratives could also be used for peer or group 
evaluation. 

NOTE: Any of the activities here could be included 
in student portfolios. 

.1.7G 
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Sources / Credits: 

Leaching Activity — Florida's 4~Rs Curriculum, 

Margaret Sadeghpour-Kramer, Iowa PLESE Partici- 
pant 

Chris Tonsmeire, Florida PLESE Participant 

Roxson Welch, Louisiana PLESE Participant 

Water Filtration System — AIMS, Bottle Biology) 
NSTA, Water, Stones and Fossil Bones, 

Ellen Corrigan, Maine PLESE Participant 

References: 

Aardema, Verna, illustrated by Beatriz Vidal. 1981. 
Bringing the Rain to Kapiti Plain, Dial Books for 
Young Readers, NY 

AIMS Educational Foundation, PO Box 8120, Fresno, 
CA 93747. 

Ancona, George. 1990. Riverkeeper, MacMillan 
Publishing Co., NY. 

Aschenbrenner, Gerald, adaptation by Joeinne Fink. 
1988. jack, the Seal and the Sea, Silver Burdett, NJ. 

Atwood, Ann. 1971. Haiku: The Mood of Earth, 
Charles Scribner's Sons, NY. 

Bellamy, David, illustrated by Jill Dow. 1988. The 
River, Clarkson N. Potter Publishers, Inc. /Crown 
Publishers, NY. 

Caduto, Michael J. and Joseph Bruchac, illustrated 
by John Keihionhes Fadden and Carol Wood. 1989. 
Keepers of the Earth Native American Stories and 
Environmental Activities for Children, Fulcrum, Inc., 
Golden, CO. 

Cole, Joanna, illustrated by Bruce Degen. 1986. The 
Magic School Bus at the Waterworks, ^holastic, Inc., 
NY. 

Gillespie, John T. and Corinne J. Naden. 1990. Best 
Books for Children - Preschool Through Grade 6. R. R. 
Bowker, NY. (Note: This is a great resource for 
finding books listed by subject matter.) 



Glimmerveen, Ulco, 1989. A Tale of Antarctica, 
Scholastic, Inc,, NY (proabaly most appropriate for 
students aged 9/10), 

Lima, Carolyn W. and John A, Lima, 1993, A To Zoo 
— A Subject Access to Children's Picture Books, 4th 
Edition, Bowker, NY. (Another great resource for 
finding literature selections. This is more a primary 
level, but there are a number of picture books listed 
in this source that would be appropriate for sharing 
with upper elementary, middle, and high school 
students, according to the presentation and focus of 
the lesson.) 

Project WILD, Project WILD Aquatic Education 
Activity Guide, Boulder, CO 80302, 

Roberts, Elizabeth and Elia Amidon (eds,). 1991. 
Earth Prayers From Around the World: 365 Prayers, 
Poems, and Invocations for Honoring the Earth, Harper, 
San Francisco, CA, 

Smith, Roland, 1990. Sea Otter Rescue: The Aftermath 
of an Oil Spill, Cobblehill Books, Dutton, NY, 

Local Resource Suggestions, contact: city / county 
water departments; county soil and water conserva- 
tion services; and state depeirtments of natural 
resources. 



Activity Four: Insects 

Subsystem: Life 
Understandings: 

Earth is unique, a planet of rare beauty and great 
value. 

Human activities, collective and individual, 
conscious and inadvertent, seriously affect Ecirth 
systems. 

The Earth system is composed of the interacting 
subsystems of water, rock, ice, air, and life. 

There are many people with careers and interests 
that involve study of Earth's origin, processes, and 
evolution. 
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Estimated Time to Complete Activity: 

Four to six class sessions. 

Materials Needed: 

• Teacher made or commercial journals; 

• small containers such as baby food jars or butter 
containers; 

• pictures of various msects; 

• art materials for painting, drawing, and creating 
insects (potatoes can be used to create insect 
bodies, small sticks or toothpicks for append- 
ages, etc.); 

• insect stories. 



Part 1. What are insects? 

Through literature and classifying students identify the 
attributes ofiTisects, 

The teacher reads a story about insects, or with an 
insect theme, such as The Grouchy Ladybug by Eric 
Carle, or The Windago, retold by Douglas Wood, 
"How the Butterflies Came to Be" from Keepers of the 
Animals, by Michael J. Caduto and Joseph Brucltac. 
After reading the story the teacher brainstorms with 
the students using a lO/VL type method. What do 
we Know about insects, what do we Want to know 
about insects, after the unit what did we Learn about 
insects. Students copy into their journals. 

After brainstorming, the teacher presents a variety 
of animal and insect pictures. The students classify 
these pictures into groups, such as Insects and Not 
Insects, or further divisions based on grade level. 
After classifying, list the attributes that the insects 
have in conunon. You may wish to compare to 
human attributes. Adult insects have three main 
body parts; head, thorax, and abdomen. The head 
contains the eyes, mouth, and antermae. The thorax 
has six legs and sometimes wings. The abdomen 
contains ft\e insect’s stomach and reproductive parts. 
Students copy attributes into journals. See Ranger 
Rick's NatureScope — Insects for background informa- 
tion on insects. 



Part2A: Field Insects 

Students observe, sketch, and label the insects in the 
school yard or nearby park. 

Questions: 

1. What are insects? 

2. What do insects need to survive? 

After a brief review of insect attributes, the teacher 
takes the students with their journals and pencils 
into the school yard or nearby field or park. As 
individuals or groups, students observe and list 
insects they find in their journals. Students will 
need an identification page or book to help identify 
the insects they have found. Check with loccd 
resources. A nearby college or university often has a 
'T>ug expert" that may be able to supply you with 
information. 

After deciding which insect they choose to observe 
more closely, the students individually draw a 
detailed and labeled picture of their insect in their 
journals. Students should also describe the insect's 
habitat and anything else that is important to them. 
The teacher can decide what data are to be collected. 
Another important aspect to observe and study is 
the adaptation of the insect to live in its environ- 
ment. An insect that begins its life in a creek, such as 
a mosquito or dragon fly, must have the ability to 
cling to rocks to be kept from being swept down- 
stream. The Leaf-cutting Ant in Brazil has a special, 
adaptation to cut leaves into smidl portions to carry 
back to the nest. What special adaptations can be 
found on the insects? 

Upon returning to the classroom, the class as a 
whole group can generate a bar graph or picture 
graph from the data they gathered on the various 
insects found in the field. The students will record 
the class graph in their journals. Discuss ways 
insects have developed adaptations suitable to their 
environment, such as water insects having grippers 
on their appendages/legs to help them stick to rocks 
so they won't float downstream. Also discuss 
camouflage. See Ranger Rick's Naturescope — Insects, 
This activity may be repeated in fall, winter, spring, 
and summer to observe variations in insect popula- 
tion and activity. 
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Stiidents use collected insects to draw and paint insects. 

Questions: 

1. What is an insect? 

2. What does an insect need to survive? 

Again, in the school yard or park, studezits observe 
insects, preferably a different type of insect. Care- 
fully collect the insects, and bring them back to the 
classroom. In the classroom students draw an 
eitlarged picture of their insect, paying attention to 
details. After the drawing is completed the students 
use crayons, watercolor, colored pencils, or combina- 
tions to finish their picture. Inse^ should be 
returned to the same spot where they were collected. 

As students observe and/ or collect their insects they 
should write in their journals what their psirticular 
insect needs to survive. These should include the 
type of shelter or home, a source of water, and what 
t^e of food. As a class, compare the different types 
or amounts of each of the thr^ supplies of food, 
water, and shelter. Students may need to use books 
or other reference materials to learn what type of 
food the insects eat, and from where they get their 
water. It is important to note that each type of i'^sect 
needs all three but in varying amoimts and types. 
These similarities and differences should be re- 
corded into the journals. An extension could be 
done comparing the needs of humans and insects. 



Part 3. Insect control and technology 

Questions: 

1. Why do people try to get rid of insects? 

2. How do people benefit from insects? 

3. Why are some insects more appreciated than 
others? 

4. How is technology used in your area to control 
insects? 

5* What people and groups can be contacted to 
find out more information about insects and 
insect control? 



After reading Why Moscfuitoes Buzz in People's Ears, 
the students create a Venn diagreun classifying 
"popular" and "impopular" insects. "Popular" 
insects might be butterflies, for exeimple, while 
"unpopiilar" insects might be flies or mosquitoes. 
Ir\sects that fall "in between" might be ones such as 
bees that are both; they sting but they also make 
honey and pollinate flowers. The students shoiild 
record this diagram into their journals. 

As a class contact local people and groups involved 
in insects and insect control. Try to arrange for class 
spezikers or information to learn how technology can 
be and is used locally. Encourage students to bring 
in newspaper eirticles and ads related to insects and 
insect control. What are positive and negative 
effects of insect control? How do these in turn affect 
humans? Students can role play and debate the 
different points of view in your local area. Ihe 
human resources will vary from region to region. 



Part 4. Create an Insect 

Using their knowledge of insects, students create and 
build an imaginary insect and habitat using a variety of 
materials. Students then write a story combining factual 
insect information with creativity about their insect and 
its habitat. Students keep a field journal throughout the 
unit to record data, science loriting experiences, factual 
and creative to provide accountability and assessment. 

Questions: 

1. What is an insect? 

2. What does an insect need to survive? 

As a culminating activity and as a possible assess- 
ment, students will use what they have learned and 
experienced to "create" an insect. This activity will 
combine facts with creativity to write a short story. 
Briefly review the attributes of insects and their 
adaptations to their environment. Guide students in 
creating insects by using a rubric (examples are 
given for each question): 

• What does your insect eat? (peanut butter, ants, 
dust bunnies, etc.) 

• Where does your insect live? (inside my desk, 
on a tree, under the couch, etc.) 
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• What special adaptations does your insect have 
that allows it to live where it does? (sticky ' feet'' 
to climb metal desks, a leg that has a spoon-like 
end to scoop up peanut butter, etc,) 

• What are its predators? (my baby sister, my 
turtle, etc.) 

• How does it defend itself? (bites, stings, stinks, 
drools, etc.) 

• How does it move around? (crawls, flies, hops) 

As students go through this process they begin to 
develop an idea of what their insect will look like. 

An msect's adaptations allow it to live in a certain 
habitat, and the insect that has been created must 
show this. If it hops, it must have hopping append- 
ages; if it crawls up metal, it must have appendages 
that allow it to stick to metal. Provide a variety of 
materials for students to build their msects. 

• Body parts can be made out of styrofoam balls, 
potatoes or other fruits and vegetables. If you 
use food materials to make your insects, it may 
be interesting to note what type of insects are 
attracted to die created "insects" after a period 
of time. 

• Legs, appendages, antennae, etc. can be made 
out of toothpicks, sticks, pipe cleaners, straws. 

• Wings, if ne^ed, can be made with construction 
paper or material such as nylon stretched over 
wire or clothes hangers. 

After students have completed creating their insect, 
they should review their rubric and modify their 
rubric or insect as needed. 

Students then write a short story with their insect as 
the main character. The story should contain factual 
information from their rubric as well as a description 
of the insect and what it looks like, including color 
and size. The story should have a beginning, 
middle, and end, as well as a plot. Students will 
need help combining factucil information into a story 
format. Possible titles include "The Bug That Ate 
Peanut Butter," or "The Life of the E>esk Crawler." 
The short stories should give the reader an idea of 
what an insect is without being written in a report 
form. Students should write a rough draft to be 
edited by peers, parents, and/or the teacher. The 
final draft can be copied into journals or used to 
make books. 



Extensions: 

(A) Older students can compare the insects and 
habitats of the local area with the insects and 
habitats of other areas, such as the rain forest. 

(B) A predator/prey game or food chain or web can 
be used to show the further interaction of 
spheres. 

(C) This unit could be used before or after habitat 
studies. See the habitat activity in this book. 

(D) Math can be integrated when collecting animals 
— the number of legs of this t)^e of insect vs. 
another type, using addition, multiplication, and 
greater than and less than. 

Evaluation: 

Assessment can be done in a variety of ways or in 
combinations: 

• Journals. 

• The "created" insect and rubric from Section 4. 

• The stories written in Section 3 could also be 
used for students to demonstrate their knowl- 
edge of insects. 

Sources / Credits: 

Modified and written by: Teresa Shockley - Califor- 
nia PLESE Participant; Doima Cole - Washington 
PLESE Participant 

References: 

Ranger Rick's NatureScope — Insects. National 
Wildlife Federation, Washington, DC. 

Caduto, Michael J. and Joseph Bruchac. 1991, 1989. 
Keepers of the Animals, Natiz)e American Stories and 
Wildlife ActixHties for Children, and Keepers of the Earth, 
Native American Stories and Environmental Activities 
for Children. Fulcrum Publishing, Golden, CO. 
(Teacher Guides also available) 

Lima, Carolyn W. 1993. A to Zoo - Subject Access to 
Children's Books, 4th Edition. R.R. Bowker Company, 
New York and London. 

Computer Softv^are "Learn About Insects" (Apple 
HE). Sunburst Conununications, PleasantviUe, NY 
10570. 
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Earth Systems Education: Middle School Activities 

Middle school offers excellent opportunities for integrating the sciences through Earth Systems Education. 



Activity 1: Are You Sphere Aware? 

Introduction: 

In this activity students are introduced to the 
concept of change and how it affects the whole Earth 
system. They focus on how interactions within the 
Earth system occur. Students are introduced to the 
idea that the Earth consists of the interacting sub- 
systems (spheres) known as the biosphere (living 
things), the lithosphere (the solid part of the Earth), 
the a^osphere (the gaseous part of the Earth), and 
the hydrosphere (the part of the Earth made up of 
water). 

Objectives: 

After completing this activity, each student will be 
able to: 

1. Demonstrate knowledge that the Earth system ic 
composed of interacting parts. 

2. Identify change as a ever present process in the 
Earth system. 

3. Demonstrate how change can affect various 
parts of the Earth system. 

Science Concepts: 

Cycles occur in the Earth system that cause change 
on or near the Earth's surface. These changes include 
erosion and weathering of rock and soil, earth- 
quakes and the movement of the Earth's plates. 

^me of these changes are driven by energy from the 
Sun, others by the planet's internal heat. Changes in 
the Earth system also occur because of the move- 
ment of the Earth around the Sun. 

At the Earth's surface, four subsystems interact 
including the lithosphere (the solid portion of the 
Earth), the hydrosphere (water), the atmosphere (air), 
and the biosphere (living things). 

Earth System Understandings: 

Earth is unique, a planet of rare beauty and great 
value. 



The Earth system is composed of the interacting 
subsystems of water, rock, ice, aiX/ and life 

Questions: 

• How have artists been inspired by changes in 
the Earth system? 

• What are the different components of each F'\rth 
system? 

• How do these components interact with each 
other? 

• How does change in the Earth systems affect 
each component of the Earth system? 

• How have artists been inspired by interactions 
within the Earth system? 

Introduction: 

In tliis activity, students visually represent the 
various components of the biosphere, lithosphere, 
atmosphere, and hydrosphere in a vcuiety of ways. 
They will need at least two class periods to complete 
this activity. The completed project should be 
displayed for others to see. 

Part 1: 

Have cooperative groups of 3-4 students each 
conduct this webbing activity. The students cure to 
list everything they can think of about the Earth 
system and the interactions within. They should 
identify through this webbing activity two key 
concepts. The first is that there are many interac- 
tions involved in the Earth system and that these 
interactions have a vcuriety of scales and times 
associated with them. The second concept is that 
change is constantly occurring in the Earth system. 
This change also occurs in a wide vcuiety of scales 
and over varied increments of time. 

Part 2: 

Have students develop a collage as a group activity. 
Each group member should randomly be assigned 
one of the 4 spheres and asked to build a collage on 
this sphere. 

Estimated Time Needed: 

T\vo or three class periods. 
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Procedure: 

Part 1: 

1. Divide the class into grouy s of 3-4 students 
each. Each group should identify a recorder and 
spokesperson. A large sheet of paper and 
colored markers should be provided to each 
group. 

Z Ask the class to close tlieir eyes for thirty 

seconds and think about their favorite image of 
the planet Earth. When the thirty seconds has 
passed ask each student to select their image, 
write a paragraph about why they selected this 
image, and describe how this image of Earth 
meikes them feel. 

3. Once students have recorded their own personal 
feelings about their images of Earth, have their 
group develop a list of words to help them 
identify their personal images. Groups need to 
analyze the list of words generated and decide 
on an organization of the words (concepts) into 
several broad categories. Have each group 
provide headings or titles for their list of words 
and each of their categories. 

3. Ask each group to share their word list and 
headings with the rest of the class. Discuss the 
different approaches taken by each group and 
then introduce the terms atmosphere, hydrosphere, 
lithosphere, and biosph,ere. Have each group 
reorganize their lists using these new headings. 

4. Ask the students what is meant by the word 
interaction . Elicit many responses from the class 
and allow for discussion before reaching a good 
definition of an interaction. Now ask students 
what is meant by chang e. Again allow for many 
arrswers and discussion. 

5. Have students identify from their list any 
interactions and changes in the Earth system. 

6. Have student groups again share with the class 
the list of interactions they were able to identify 
and the list of changes. Assemble these lists for 
the entire class to see and then proceed to the 
next part of the activity. 

Part 2: 

1 . In Part 2 students build a group/individut i 
collage. This collage should show interactiorts 
and ^ange found in the Earth system as well as 
the four spheres that make up the Earth system; 
the biosphere, lithosphere, atmosphere and 
hydrosphere. Each student within the group is 
assign^ one of the four Earth spheres. He/ she 



will construct their personal collage of the 
sphere. Each student group should identify the 
(Efferent jobs necessary to build its sphere 
collage, assign individual roles, decide on the 
format for its collage and search througih avail- 
able magazines to find pictures that best show 
the components of the various spheres. 

2. As the collages are constructed, students should 
identify, discuss, and record on the Student Page 
evidence of change depicted by their collage. 
Students should also record any examples of 
interactiorts of compcnients within a sphere. 

3. Once the students have completed their per- 
sonal "sphere" collage they are to integrate 
theirs with those of the rest of their team and to 
begin looking for evidence of interaction be- 
tween each sphere. The Student Page should be 
used as i fcxms tc nelp the group identify 
interactions and signs of change. 

4. Students should use tape to assemble their 
sphere collage into one piece. Once this is 
completed, the group should use string to attach 
and show the various interactions found within 
the total collage. 

5. Place the collages in a l(x:ation for all students to 
view and reflect upon. Have the class discxiss 
how each collage shows change and various 
interactions. 

Assessment: 

On an individual basis, have students develop a 
concept map or web showing as many changes as 
they can find in the total Earfit system. It should 
answer the following questions; 

1. What changes can be found in the Earth system? 

2. What interactions can be found within the four 
subsystems of the Earth system? 

References: 

Adapted from an activity entitled "Are you Sphere 
Aware" developed by Nancy Bailey, Kraxberger 
Middle School, 17777 Webster Rd., Gladstone, OR 
97027 as part of the 1993 Summer PLESE Workshop 
at tfie University of Northern Colorado, Greeley, CO. 
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Student Page 



Interactions ivithin the Earth System 

Atmosphere Lilhosphere Hydrosphere Biosphere 



Atmosphere 



Lithosphere 



Hydrosphere 



Biosphere 



Evidence of 
Change 
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Activity 2: How Long is Long Ago? 
Introduction: 

The following series of activities is designed to help 
students understand the immense length of time 
that the Earth systems have been operating. Scien- 
tists currently believe that the Earth has existed for 
approximately 4.5 billion years, yet the oldest 
Imown rock is thought to be about 3.8 billion years 
old. These oldest rocks contain evidence of sedi- 
ments that indicate that water existed on Earth prior 
to 3.8 billion years ago and that the water cycle and 
rock cycle were cdready in operation. 

Objectives: 

After successfully completing this activity, each 
student will be able to: 

1. Describe in generid terms the great expanse of 
geologic time. 

2. Relate events that are historical, geological and 
biological to a time scale. 

Science Concepts: 

Change in the Earth systems has occurred continu- 
ously over many millions of years. This is best 
evidenced by the many thousands of layers of 
sedimentary rock which contain the remains of 
organisms. 

Some changes in the Earth's subsystems are abrupt 
(such as earthquakes and volcanic eruptions) while 
other changes (such as evolution and atmospheric 
change) happen quite slowly over immense amounts 
of time. 

Earth System Understandings: 

The development of scientific thinking and technol- 
ogy increases our ability to imderstand and utilize 
Earth and space. 

Planet Earth is more than 4 billion years old, and its 
subsystems are continually evolving. 

Questions: 

• How old is the Earth? 

• How long does it take for the Earth to change? 



Materials: 

Eoj eadi student group (2 studentsl : student sheet 
with 2,000 dots, calculator (teachers choice), fact 
sheet with historic dates, pencils for each student. 

For the entire class : one unopened ream of paper, a 
teacher made transparency of the 2,000 dot sheet 
paper. 

Estimated Time Needed: 

One class period. 

Teacher Background: 

During the past 150 years, detailed studies of the 
Earth's stratigraphic column (rock layers) have 
reveaded a very long and complex geologic and 
biologic history of the Earth. This history has been 
fitted together based upon the presence of fossils 
(biological history of the Earth) or the age of rock 
based upon other evidence accumulated by scien- 
tists. The history of the Earth continues to be rewrit- 
ten and added to constantly as more data from 
locations worldwide eire identified, described, 
mapped, and dated. 

Generally scientists agree upon a system of geologic 
time units called eons. Eons are the longest intervals 
into which geologic time has been divided. Eons are 
based upon the presence or absence of specific life 
forms. The following is a brief description of each 
eon: 

Hadean Eon — The name Hadean Eon (Greek for 
beneath the Earth) is given to the oldest eon. This is 
the earliest part of the Earth's history. No rock 
record has yet been found of this Eon on Earth. 
However, rocks of this age axe foimd on other bodies 
within our solar system. Rock from this Eon has 
been constantly recycled . 

Archean Eon — The oldest known rocks foimd on 
Earth belong to the Archean Eon. These rocks 
contain evidence of microscopic life forms. These life 
forms are forms of bacteria and are the oldest known 
organisms (approximately 3,800,000,000 million 
years ago). 

Proterozoic Eon — Rocks from the Proterozoic Eon 
include evidence of multicelled organisms lacking 
preservable hard parts. (Approximately 
2,500,000,000 years ago.) 
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The Hadean, Archean, and Proterozoic Eons, also 
known as the 'Trecambrian Era," make up approxi- 
mately 87% of all Earth history. Evidence of great 
changes in the rock cycle have>been identified such 
as increased periods of volcanism and changes in 
oceanic levels. Atmospheric change during this great 
expanse of time is also quite evident. The earliest 
forms of life on Earth were anaerobic, orgaitisms that 
did not utilize oxygen in their life processes. Over 
time these very simple organisms produced enough 
oxygen as a by-product of their own life processes 
to change the composition of the eeirly atmosphere 
and led to the great explosion of life on Earth during 
the Phanerozoic Eon. 

Phanerozoic Eon — Rocks from this Eon contain 
plentiful evidence of past life. The Phanerozoic Eon 
contains most of the fossil evidence known on Earth 
and is the best studied of all rock strata. This Eon 
began approximately 570,000,000 years ago. 



The Phanerozoic Eon (Greek for visible life) is 
further subdivided into three eras. They include: 

Paleozoic Era (Greek for old life) — The Paleozoic 
Era is known for its explosion of life and includes 
the first fossil record of land plants. This Era began 
approximately 570 million years ago and lasted until 
approximately 245 million years ago. 

Mesozoic Era (Greek for middle life) — The Meso- 
zoic Era is best known for the rise of the dinosaurs, 
which became the most dominant vertebrates on 
land. This Era began approximately 245 million 
years ago and lasted until approximately 66.4 
million years ago. 

Cenozoic Era (Greek for recent life) — The Cenozoic 
Era began as the dinosaurs became extinct. This Era 
has been dominated by mammals. The Cenozoic Era 
began approximately 66.4 million years ago and 
continues to this day. 



Eons 


Period 


Epoch 


Million Years 
from now 


Percent of 
Geologic 
Time 






Present 


0.0 








Holocene 


0.01 






Ouatemarv 


Pleistocene 


6.1 




— 




Pliocene 


5.3 








Miocene 


23.7 








01ij?ocene 


36.6 


- 






Eocene 


57.8 




Cenozoic 




Paleocene 






Cretaceoxis 




144 






Jurassic 




208 




Mesozoic 


Triassic 




245 


j 1 - 














Permian 




286 






Permsylvanian 




320 






Mississippian 




360 






Devonian 




408 






Silurian 




438 






Ordovician 




505 





Phanerozoic 



Paleozoic 



Cambricn 



rrorerozoic 

Archean 


3800 (?) 


Hadean 


4650 



O 

ERIC 





I.S2 • A kl SOI K( 1 (;i 11)1 1 OK l; \ k I II S\ M I \|s I'.Dl ( \1 1 ()\ 



Procedure: 



Part 1: 

1. Divide the class into groups consisting of two 
students each and distribute copies of the fact 
sheet and 2,000 dot sheet to each student. This 
activity may also be completed individually. Do 
not inform students as to f^e quantity of dots 
per sheet of paper. 

2. Using a teacher made transparency of the 2,000 
dot sheet, demonstrate through class discussion 
how to proceed with this activity. Explain that 
each dot on the paper represents one year of 
time. The first dot on the upper left hand comer 
of the page represents the current year. Each 
succeeding dot sequentially represents a preced- 
ing year. Ten dots from the upper left hand 
comer (moving right) represents ten years ago. 
Work across the dot page as if you were reading 
a book. 

3. Have students find the dot that represents the 
year they were bom and have them circle it. 
Have students place a square around the year 
1980. This was the year ^at Mt. St. Helen's 
exploded. 

4. Have students continue circling dots that 
represent important years in the history of 
humankind. See the following list. 



a. 


Invention of the light bulb 


1879 


b. 


I>eclaration of Independence 


1776 


c. 


Beginning of the American Civil War 


1861 


d. 


Pilgrims arrive in America 


1620 


e. 


Flight of the "Kitty Hawk" 


1903 


f. 


Columbus arrives in America 


1492 


g- 


Norman conquest of England 


1066 


h. 


War of 1812 


1812 


i. 


Neil Armstrong walks on the moon 


1969 


j- 


World War II begins 


1941 


k. 


Atomic bomb explodes on Japan 


1945 


1. 


Custer defeated at the Little Bighorn 


1876 


m. 


Marco Polo visits China 


1300 


n. 


Copernicus writes On the Revolution 






of the Heavenly Spheres 


1543 


o. 


Invention of the telescope 


1698 


P- 


Newton's Laws of Motion were first 






published 


1687 


q- 


Darwin publishes his book On the 






Origin of Species 


1859 



Have students make a key so that they c^m distin- 
guish between each event. 



5. Help the students as they work. Be sure that 
each student is able to complete Part 1 before 
beginning Part 2. Tell students that this is an 
example of modeling. This is a method that 
scientists use to help them understand scientific 
concepts. The concept of time, especially long 
periods of time is a very difficult concept to 
understand and even harder to visually. Part 2 
should help students to comprehend both 
concepts. 

Part 2: 

1. Part 2 may be done as a whole class activity or 
small group activity. Either method will require 
students to explain the meaning of each answer. 
If completing this activity as a whole group., 
have students calculate one answer at a time and 
discuss the meaning of each. Elicit responses 
from students as to the meaning of each math- 
ematical answer. Have students keep a data 
sheet that is to be included in their journal. This 
data sheet should contain their answers to each 
question and a "definition" for each based upon 
class discussion. 

2. Reproduce the student activity sheet for each 
student. Help them as they work. Be sure that 
each student gets a chance to complete each 
question on the worksheet before they proceed 
to the next question. Each answer requires 
accurate calculations. Later questions will rely 
on accurate results from the earlier questions. 

Questions: 

1. How many dots are on the sheet of dot paper? 
How man^^ years does this represent? 

(number of dots acwss) 

X (number of dots down) = 

(50 dots across * 40 dots down = 2,000 dots.) 

This represents years. 

a dot = 1 year— 2,000 dots == 2,000 years) 

2. A ream of paper contains 500 sheets. How many 
years would one ream of paper represent? 

Check your answer with your teacher before 
proceeding. 

ISG 







UlH 




500 sheets of paper x answer from question 1: 
= years. 

(500 sheets * 2,000 years (dots) = 2,000,000 years) 

What is significant about this number? 

How many sheets of paper would be required to 
represent this amount of geologic time? 

3. How many reams of dot paper would be needed 
to represent 10,000,000 years? 

(Hint: divide 20,000,000 by the anstver from question 2.) 

(20,000,000 years / 2,000,000 years =20 reams) 

How many sheets of paper would be required to 
model this amount of geologic time? 

4. How many reams of dot paper will repre^^ent 
1,000,000,000 (1 billion years)? 

(2,000,000,000 / 2,000,000 years = 2,000 reams of paper) 

How many sheets of paper would be required to 
model this amount of geologic time? 

5. How many reams of paper would be needed to 
represent the total leng^ of geologic time on 
Earth? Earth is approximately 4.5 billion years 
old (4,500,000,000 years). 

(4,500,000,000 / 2,000,000 years = 4,500 reams of paper) 

How many sheets of paper would be required to 
model this amount of geologic time? 

(4,500 reams of paper * 500 sheets of paper = 2,250,000 
sheets of paper) 



6. Measure the thickness of an unopened ream of 
paper. 

(a ream of paper should be approximately 5 cm or about 2 
inches in thickness) 

How high would a stack of dot paper be that 
represented the total age of the Earth? 

Ycur answer should be in feet and inches 
(remember, the Earth is approximately 4.5 
billion years old). 

(5 cm per ream of paper * 4,500 reams = 22,500 cm of 
paper) 

(22,500 cm of paper / 200 C7n = 225 meters of paper) 

(2 inches per ream * 4,500 reams = 9,000 inches of paper) 

(9,000 inches of paper / 22 inches = 750 feet (250 yards) 

A stack of paper 225 meters (750 feet) would be 
needed to represent the total length of geologic 
time on Earth. 

Part 3: 

Change over time is best evidenced by the dramatic 
changes in the Earth's surface and changes in the 
major life forms found on Earth. Using Figure 2 
determine the answers to the following. 

Imagine taking this stack of paper and laying it on 
its side. This line of paper will stretch the same 
length as it will be tall (see answer to question 6). 
This line of paper represents all of the time Earth has 
been known to exist. If your sheet of dot paper was 
foimd at the far right side of this line, then ^e left 
side would represent the beginning of the Earth and 
its various subsystems. Figure 2 represents this 
"stack of paper" laid on edge to represent the total 
length of Earth history. 
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The evidence of change in the Earth systems is 
found in the geologic record. This ''record' records 
the changes in ocean levels, atmospheric changes, 
and the evolution of life forms. Throughout Earth 
history, major mass extinction's have taken place 
that are evidenced by the changes found in the fossil 
record. These major changes of life forms are the 
basis for dividing Earth history into eras. Using 
Figure 2, determine how many reeims and sheets of 
paper will be needed to show "how long ago" 
various major changes in the Eartli system took 
place. 

The Precambrian Era (also known as the Hadean, 
Archean, and Proterozoic Eons) began approxi- 
mately 4.5 billion years ago (4,500,000,000 years ago) 
and ended approximately 570,000,000 million years 
ago. 

What percent of geologic time is taken up by the 
Precambrian Era? 

At what point along your line of "paper" would 
you place a marker to represent the end of the 
Precambrian Era? 

How many sheets of paper would this be? 

The Paleozoic Era began approximately 570,000,000 
million years ago and ended about 245,000,000 years 
ago. 

What percent of geologic time did the Paleozoic 
Era occupy? . 

At what point along your line of "paper" would 
you place a marker to represent the beginning of 
the Paleozoic Era? Where would you place a 
marker that represented the end of the Paleozoic 
Era? 

How many sheets of paper would be needed to 
represent this Era? 

The Mesozoic Era began approximately 245 million 
years ago and ended approximately 66.4 million 
years ago. 

What percent of geologic time did the Mesozoic 



Era occupy? 

At what point adong your line of "paper" would 
you place a marker to represent the loginning of 
the Mesozoic Era? Where would you place a 
marker diat represented the end of the Mesozoic 
Era? 

How many sheets of paper would be needed to 
represent this Era? 

The Cenozoic Era began approximately 66.4 million 
years ago and is currently ongoing. 

At what point in your line of papers would you 
find the beginning of this Era? 

At what point in your line of papers would you 
find your own life? 

Discussion Points: 

1. Of these 225 meters (750 feet) of 2,000 dot paper, 
two sheets of paper represent most of written 
human history. 

2. The earliest human bones and tools are about 2.5 
million years old. This is represented by 2.5 
reams of paper or 1,250 sheets of 2,000 dot 
paper. Evidence of a human presence on Earth 
represents only .0005% of geologic time. 

( 2,500,000 years/ 4,500,000,000 = .0005) 

3. The Earth's history consists of 4 time intervals 
called eras. Each era is further divided into 
periods. Most of Earth's history took place in the 
Precambrian era. It lasted 3.9 billion years or 
87% of geologic time 

(3.9 billion years/ 4.5 billion years = 0.87 = 87 percent) 

References: 

Skinner, Brian J. and Stephen C. Porter. The Dynamic 
Earth. 
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How Long is Long Ago? 



This year 
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Activity 3: How can the Geologic 
Time Scale help us understand how 
Earth Systems have changed? 

Introduction: 

The concept of change can be understood by devel- 
oping a model of the geologic time scale. In this 
activity students locate information about Earth 
history and use it in a way that becomes very visual, 
illustrating the concept of time. 

Objectives: 

The student will: 

1. Identify and explain changes that have occurred 
throughout Earth's history. 

2. Identify change processes that have occurred in 
the past and continue to operate today. 

3. Etevelop an imderstanding of geologic time. 

Science Concepts: 

Climates have sometimes changed abruptly in the 
peist due to changes in one or several of the Earth 
systems. 

Some changes in Earth systems occur very rapidly, 
others very slowly over millions of years. 

Layers of sedimentary rock contain evidence of past 
changes, including fossils of past life. These fossils 
provide evidence for the evolution of life forms. 

Earth System Understandings: 

The development of scientific thinking and technol- 
ogy increases our ability to understand and utilize 
Earth and space. 

The Earth system is composed of the interacting 
subsystems of water (hydropshere), rock (lithos- 
phere), ice (cryosphere), air (atmosphere), and life 
(biosphere). 

Planet Earth is more than 4 billion years old, and it's 
subsystems are continually evolving. 

Questions: 

• In what ways has the Earth system changed 
throughout time? 

• How have organisms (biosphere) interacted 
with the other subsystems? 



Teacher Background: 

Scientists have validated theories of crustal evolu- 
tion and organic evolution through evidence found 
in the rock record. They also agree that there is a 
great degree of support for the idea that both have 
mfluenced climate. 

Materials: 

Books and materials about life during geologic time, 
popsicle sticks, 5x7 index cards, permanent mark- 
ers 

Procedure: 

Part 1: 

1. Organize students into teams of four. 

2. Depending on the size of your ckiss, assign 
student groups the following ereis for study: The 
Precambrian, Paleozoic, Mesozoic, Cenozoic, 
and present. If necessary, larger groups of 
students can be made up for the Pedeozoic, 
Mesozoic, Cenozoic, and present time periods or 
you can divide specific ereis up into smaller 
sections. 

3. Students will assume the following roles in their 
groups: 

Climatologist / Hydrologist — Responsible for 
finding information on the change of climates and 
ocean levels that seem to have occurred during their 
particular era of study. 

Botanist — Responsible for finding information on 
the change of plant t)?pes that seem to have occurred 
during their particular era of study. Students are to 
document all "dates" of each change and are to find 
specific facts about any and all plant t)rpes. 

Zoologist — Responsible for obtaining information 
on the change of animal types that seem to have 
occurred during their particular era of study. Stu- 
dents are to docvunent all "dates" of each change 
and are to find specific facts about any and all 
animal types. 

Geologist — Responsible for obtaining information 
on the changes involving plate tectonics and other 
geologic phenomena that seem to have occurred 
during their particular era of study. Students are to 
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document all "dates" of each change and are to find 
specific facts about any geologic events. 

Each student will become an expert on the topic and 
era assigned. Each will act as a resource on the topic 
for the entire class. 

Each group of students is to produce two products 
from their research. First they are to make "signs" 
that represent significant changes that have occurred 
during their era. Each group obtain information 

about plant and animal life, climatic/oceanic 
conditions, and geologic formations foimd during 
their period of time. Students will make special note 
of the arrival of new organisms and the extinction of 
organisms. Special attention should be given to all 
forms of change that occurred. These "signs" should 
include pertinent facts about the event and the 
approximate time of when it took place. The sigi\s 
should be attached to wood stakes (popsicle sticks 
work well). Have students build their "signs" with 
sticks and 5x7 index cards. The signs will later be 
used to construct the whole class time line in Part 2. 

Part 2: 

L For this part of the activity, use a scale of 5 cm = 

1 million years, or 1 m = 20 million years. This 
scale conforms with Part 3 of "How Long is 
Long Ago?" — the previous activity in this unit. 
The total length needed for the time scale is 225 
meters. The activity can be done either outside 
or inside. The scale can be changed to 
accomodate the space available. 

2. On your time scale, identify the periods in your 
era. Identify and nuirk the beginning time of 
each period and the time the period ended in 
millions of years prior to the present. Place cards 
representing these points in history at the exact 
location on the cla^ time line (refer to the 
ac^vity "How Long is Long Ago?" for help in 
determining these locations). 



3. Now place each of your "signs" along the 
appropriate location in the time line. Check your 
calculations 

4. After you have plotted your data and informa- 
tion on your time line, organize your informa- 
tion in a table similar to the one below. 

Remember to keep the most recent information 
at the top of your table, with the oldest informa- 
tion at the bottom of the table. A separate table 
should be made for each period of geologic time. 

5. Have students walk as a group to each era along 
the time line beginning with Ae Precambrian 
Era. Have the students that were responsible for 
this information give a presentation to the rest of 
class about the information they foimd. Have 
students concentrate on changes that occiured 
instead of "facts and dates." As the Precambrian 
group completes their presentation proceed up 
in time to the Paleozoic era and have this group 
make their own presentation. Allow time for 
each "Era Group" to make their own presenta- 
tion along their part of the time line. Require all 
students to complete a "data sheet" for each era. 
It should include responses to the following 
questions: 

• What did you learn about the plant and animal 
life in your era? 

• Describe the physical environment of the Earth. 

• Describe the cli^tic environment of the Earth 

• In what ways did each of your eras change over 
time? 

6. Have students discuss the following questions: 

• What changes in the lithosphere have occurred 
throughout geologic time? 

• What changes are still occurring today? 

• What evidence do you have of mass extinctions? 
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Assessment: 

Use assessment forms such as rubrics, checklists, 
concept maps, and individual reports. Empphasize 
student understanding of the connections between 
the systems during each of the eras. 

Extensions: 

Have each team of students write an article for their 
p 2 urticular time period. Display them for the class, 

S our ces! Credits: 

Braus, Judy. 1988. NatureScope Geology: The Active 
Earth. Washington, DC: National Wildlife Federa- 
tion. 

References: 

Skinner, B.J. and S.C. Porter. Th'^ Dyn amic Earth. 



Activity 4: How Have All the Species 
Gone? 

Introduction: 

The Earth System has experienced great change 
through its history. Natural cycles, such as the rock 
and water cycles, have been fundamental in the 
shaping and reshaping of the Earth's surface. At the 
beginning of the Cambrian Period of the Paleozoic 
Era, a huge explosion of life began as is recorded in 
the rock layers. This new biological activity beccime 
a change agent just as powerful as the rock and 
water cycles had been. It produced enough oxygen 
during the Precaimbrian Period to literally change 
the makeup of the Earth's atmosphere. Organisms 
began to use nitrogen, carbon dioxide and oxygen in 
their life processes. 

The Mesozoic Era saw a great change in animal and 
plant life on the lithosphere. This change included 
the age of dinosaurs and the appearance of early 
mammals followed later by the first flowering 
plants. 

This series of activities is designed to have students 
look at how scientists search for evidence of changes 
in the past and how they develop theories to expain 
this evidence. 



Objectives: 

The students will: 

1. Relate the development of dinosaurs to other 
events in Earth's history. 

2. Describe the concepts of mass extinction, 
background extinction, punctuated equilibrium 
and stasis. 

3. Interpret the possible causes of mass extinction 
using geological evidence presented in science 
literature 

4. Analyze the past and present rates of extinction 

5. Identify human an.d natural environmental 
reasons for extinction 

Science Concepts: 

Some changes in the Earth system cire very abrupt 
and can be caused by extraterrestricd events such as 
the impact of a meteorite or by an Earth systems 
such as ourselves. 

Earth systems tend to change until they become 
stable. They will remain that way until some outside 
influence affects them. 

Earth System Understandings: 

Earth is unique, a planet of rare beauty and great 
value. 

The development of scientific thinking and technol- 
ogy increases our ability to undei*stand and utilize 
Earth and space. 

The Earth system is composed of the interacting 
subsystems of water (hydrosphere), rock (lithos- 
phere), ice (cryosphere), air (atmosphere), and life 
(biosphere) 

Planet Earth is more than 4 billion years old, and it's 
subsystems are continually evolving. 

Earth is a small subsystem of a solar system within 
the vast and ancient universe. 

There are many people with careers that involve 
study of the origin, processes, and evolution of Earth 
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Questions: 

• In what ways does the Earth system change? 

• How accurately does the Disney movie Fantasia 
depict Earth history? 

• How did the Disney artists use art and music to 
convey their interpretation of Earth history? 



Teacher Background: 

Most scientists agree that dinosaurs lived on Earth 
for approximately 165 million years. This period of 
time IS known as the Mesozoic Era and is divided 
into three time periods, the Triassic, the Jurassic and 
the Cretaceous periods. The division between each 
of these periods of time is marked by changes in the 
life forms, especially those found in the Earth's 
oceans, with some becoming extinct and new ones 
moving into various niches found within the global 
ecosystems. A now famous mass extinction took 
place at the end of the Cretaceous Period which 
seemed to have ended the dinosaurs' reign on Earth. 
Most geologists agree that this was caused by a 
meteorite impact and that such meteorite impacts 
caused extictions many times throughout Earth 
history. Currently a mass extinction is occurring that 
is more severe even than the Cretaceous one. It is 
caused by humans as they destroy species and their 
habitats. 



Part 1: How did the dinosaurs live? 
Materials: 

a TV and VCR, Fantasia on video 

Estimated Time Needed: 

A total of two class periods will be needed to 
complete Part 1. 



Procedure: 

In this part a segment of the classic movie. Fantasia, 
is used to review the development of the Earth and 
its life forms, and to introduce the extinction of the 
dinosaurs, a central topic for this activity. 



In the movie, the Disney artists provide a unique 
interpretation of Igor Stravinsky's "The Rite of 
Spring/' It begins approximately 40 minutes into 



the commercially available video and lasts for 
twenty minutes. 

1. Play the segment for your students. Suggest that 
they listen to the music to see if they can corre- 
late sounds and instruments with events de- 
picted on the screen. 

2. Divide the class into groups of four students 
each. Play this section of the tape a second time. 
Assign each student in each group one of the 
following jobs: 

Geologist — These students are responsible for 
describing and gathering evidence of change in the 
way the Earth looks. They are to focus in on the 
lithosphere. 

Biologist — These students are responsible for 
describing and gathering information on the many 
changes that take place in the biosphere. They are to 
include an identification of each life form and to 
record what appears to be major changes in life. 

Hydrologist / meteorologist — These students are 
responsible for recording evidence of changes in sea 
level and changes in the atmosphere. 

Artist — These students are responsible for the 
recording and interpretation of how the music and 
art are intertwined to tell a story. 

3. After showing the video Fantasia a second time 
have students organize into their groups to 
discuss their observations. Each group should 
then develop a report that includes components 
from each of their jobs. Emphasis should be 
placed on how change takes place in each Earth 
subsystem. Have each group select a spokesper- 
son who will represent the group's observations. 

4. Arrange large sheets of paper in the front of the 
room to record group observations from each 
assigned role. Place the following headings on 
each sheet: Geologist Report, Biologist Report, 
Hydrologist/ Meteorologist Report, and Artist 
Report, ^lect a student to record observations 
that each group makes. Conduct a class discus- 
sion starting with the representative of each 
group preseiiting the group's report to the class. 
The class discussion should focus on differences 
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in observations, interpretations, and analyses 
between the various jrroup reports. 

5. This movie was produced over 50 years ago. 
Have your students determine the degree to 
which current scientific thought agrees or 
disagrees with that depicted in the movie. They 
should especially address the following: 

• how the Earth, the atmosphere, and the water in 
the oceans were thought to form 

• the "life style" of the dinosaurs 

• the probable cause for the extinction of the 
dinosaurs 

[It is interesting to note that the behavior of the dinosaurs as depicted in 
the movie Was widely criticized by the scientific community at the time. 
It was thought that dinosaurs were slow, lumbering solitary creatures of 
very low intelligence. However, recently paleontologists have found 
evidence that certain species had a herding instinct, that family groups 
stayed together for years, and that some were very active, speedy 
creatures; much as they are depicted in the film. This points out how 
science is dynamic. Its explanations change as new data is found and 
interpreted.] 

[It might be interesting, at the beginning of this activity to show a 
segment of a movie which contains humans and dinosaurs in the same 
scenes. A movie such as The Land That Time Forgot has many such 
scenes. Ask your students to compare the two movies and consider 
which one is more scientifically correct. Does the fact that one is 
animated make it less scientific?] 

Part 2; How and Why do organisms 

BECOME EXTINCT? 

Materials: 

Two sets of cards reproduced and laminated, these 
cards should represent animal and plant species that 
existed during the Mesozoic Era and those that 
existed during the Cenozoic Era. 

A clock with a sweep second hand visible to all 
students in the classroom. 

Number the Mesozoic card set as follows: 

a) individually 1 through 7 

b) all remaining cards with the same number, 8 

The Cenozoic cards should be numbered sequen- 
tially, 1 through 20. 

Prepare duplicate cards from each set so that every 
student can receive a card from each set. 



Procedure: 

1 . Using classroom and library resources, have 
students identify three to five "facts'' about theu 
organisms from the Mesozoic era. Facts should 
include when and how the organism lived, and 
when it evolved and became extinct. Have them 
describe to the rest of the class the facts they 
found. 

The Simulation: 

2. Have one student volunteer to be the 
"extincter." Explaiin to the class that the move- 
ment of the hands of a clock will represent the 
passage of geologic time. One minute will equal 
approximately 6 million years. 

3. Ask students to stand beside their desks holding 
their Mesozoic Cards so that other students can 
see what species they represent. Provide stu- 
dents with a "data chart" so that they can record 
when each species becomes extinct. 

4. Have the extincter call out card numbers 1 
through 5 at 30 second intervals. The student or 
students holding these numbered card(s) are to 
sit down thus representing the removal of that 
species from the Earth. 

5. At the end of the third half minute (9 million 
years) ask the class to explain the process this 
represents (background extinction). 

6. At the end of the fourth half minute (12 million 
years) ask the class whether there have been any 
other changes (other than background extinc- 
tions) among the populations of animals over 
the past 15 million years? Discuss the concept of 
stasis (little change in populations over long 
periods of time). 

7. At the end of the fifth half minute (15 million 
years) have the extincter call number 8 ( a mass 
extinction event). All but two of the remaining 
species will now be sitting (extinct). Discuss 
possible causes of such a mass extinction. 

8. At the end of the sixth half minute (18 million 
years), have the extincter call out number 7. This 
continues the example of background extinction. 
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9. 



Immediately give each sitting student a new 
species card from the Cenozoic set of cards. 
Have them all stand at the same time. 



[This expansion in life forms represented by the new 
Cenozoic cards is called adaptive radiation. This is a 
period when organisms adapt to new habitats and 
environments in a relatively short geologic period of 
time.] 

10. Have the extincter continue backgroimd extinc- 
tions every half minute starting with the niunber 
1. Discuss with students the concepts of stasis, 
mass extinction, backgioimd extinction, and 
adaptive radiation. 



Sources / Credits: 

Boucot,A.J. 1990. Evolutionary Paleobiology of Behav- 
ior and Coevolution. New York: Elsevier Science 
Publishers. 

Finsley, C. 1989. A field guide to fossils of Texas. 
Austin: Texas Monthly Press. 

Walt Disney Home Video. Fantasia. Bueira Vista 
Home Video, Dept. CS, Burbank, CA 91521. 

References: 

Eldredge, Niles. 1985. Times Frames. Simon and 
Schuster, Inc. 



11. Summarize this activity by discussing the 
concept of pimctuated equilibrium as a 
mechansism for change in species. 



Fortner, R.W. and V.J. Mayer. 1993. Activities for the 
Changing Earth System. Columbus, OH: The Ohio 
State University Research Foimdation. 



[The idea of punctuated equilibrium arose through studies by Eldredge 
and Gould as documented in Eldredge's book, Time Frames. Instead of 
evolution (change) proceeding at a slow constant rate they presented 
considerable evidence over the years that very little evolution would 
proceed during “twrmal times." There would be a slow rate of 
backgrouttd extinction with a few new species arising from mutation 
(stasis). Eventually thero. v'nild be dramatic change in the environment 
with many species becoming extinct. This xoould be followed by a rapid 
development of new species adapting to and radiating into the now 
vacant habitats (adaptive radiation). And once again, stasis would exist 
as long as there were no dramatic environmental changes.] 



Assessment: 

Use checklists or rubrics to evaluate the level of 
student imderstanding of the science concepts stated 
at the beginning of the activity. 



Extensions: 

Suggest to students that they produce their own 
videos or cartoons depicting elements of Earth 
history. They should chose art works as well as 
music to help them tell their story. The class should 
observe the products. 

Students can develop a scrapbook or collage with 
in-depth information about one of the plant or 
animal species in the simulation. 





q 
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Student walking the Cenozoic end of the geologic time 
line in Cincinnati's Bicentennial Park. This time line has 
illustrations of prominent life forms and descriptions of 
significant geological events. 
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Biological and Earth Systems Science 

A Tivo-Year Integrated Science Course for Grades ^10 of the Worthington, Ohio, City Schools 

This information is adapted from a brochure developed by the BESS teachers to prov'de students and their parents vrith 
detailed information about this dramatically different science program. The first yeai of the course is required of all 
students. The full two-year program is a prerequisite for all higlm level science courses in the three district high schools, 
A sampler of activities used in the course follows this descriptive information. They are keyed into the course outline and 
enclosed in (parentheses). 



The Genesis of Biological and Earth 
Systems Science 

We are being presented with almost daily reminders 
of the result of abuse and neglect of our Earth 
system such as global warming, ozone depletion and 
problems of hazardous waste disposal. Our con- 
tinuing dependence on oil as an energy source has 
worldwide political repercussions. In general, the 
public has been ambivalent toward science and has a 
poor understanding of what science is telling us 
about the Earth. Thus there is an immediate need to 
restructure the science curriculum to ensure that 
present and future citizens will be scientifically 
literate, that they will understand the interrelation- 
ship between science, technology, and society and 
the impact that their actions have upon our home. 
Earth. 

The viewpoints expressed in the statement above 
have led to some of the most massive research ever 
imdertaken in curriculum development. Many 
national projects initiated during the 1980s are only 
now beginning to affect our curriculum. Science 
education has seen the highest monetary expendi- 
ture of any area of curriculum reform. Two studies 
which have had a direct impact upon the develop- 
ment our Biological and Earth Systems Science 
curriculum include "Project 2061" of the American 
Association for the Advancement of Science (AAAS), 
and the "Scope, Sequence, and Coordination" 

(SS&C) effort of the National Science Teacher's 
Association (NSTA). Therefore, several groups of 
science educators came together to revise science 
curriculum in a manner consistent with an Earth 



systems view. First, the National Science Founda- 
tion supported a group of leading educators and 
geoscientists in 1988 to identify the goals and 
concepts about the planet Ear& that "every 17-year 
old should know." A member of the Worthington 
School science staff attended this conference in 
response to studies already underway within the 
Worthington Schools. These activities on the national 
level led to the beginning of the BESS curriculum 
model. 

The concepts and goals which were produced as a 
result of the work of the above groups were com- 
bined and submitted to a national group of science 
educators meeting at The Ohio State University in 
May 1990. This group has become known as the 
"Program for Leader^p in Earth Systems Educa- 
tion" or PLESE. The results of this meeting are the 
broad concepts we undertaike in Biological and E<irth 
Systems Science. The syllabus and teaching materi- 
als for this class revolve around a study of the Earth 
and the subsystems which make it a whole. 

The goal of science education during the 1980$ is to 
develop scientifically literate individmls who 
understand how science, technology, and society 
influence one another and who are able to use this 
knowledge in their everyday decision-making. The 
scientifically literate person has a substantial 
knowledge base of facts, concepts, conceptual net- 
work, and process skills that enable the individual to 
continue to learn and think logically. This individual 
both appreciates the value of science and technology 
in society and understands their limitations. 

—'from NSTA'ft position paper on Science, Technology, and Society 






BESS Learning Strategies 



BESS Desired Learner Outcomes 



Based upon current research in science education, 
science should be less teacher-centered with an 
emphasis on the student and on the process of 
learning science. In designing the BESS program, 
these considerations were taken into account. BESS 
places an emphasis on: 

• Problem-based learning 

• Use of current technology 

• Information acquisition 

• Analysis, evaluation, interpretation and 
application of information 

• Group learning 

A variety of strategies are employed to facilitate the 
learning process. These strategies include laboratory 
work, projects, peer teaching, field experiences, 
lecture, and discussion. 

Assessment techniques used in BESS are designed to 
measure a student's understanding of material and a 
student's ability to analyze, evaluate, and apply 
information. Forms of such assessment have 
included student designed and constructed newspa- 
pers, videotaped programs, computer programs, 
simulation aids, reports and projects which empha- 
size science as a process rather than just a product. 
More traditional forms of assessment, such as tests 
and quizzes are also part of student evaluation. 



A holistic understanding of planet Earth. 

Aestlietic appreciation of nature. 

Understanding individual orgarusms, each one's 
place in a system, and its part in environmental 
processes. 

Awareness of of human activities' impact on the 
planet Earth. 

Demonstrate wise use of Earth's limited re- 
sources. 

Use of current technologies as tools to access 
and process information. 

Define problems and issues, and use skills for 
analyzing issues and solving problems. 

Etemonstrate individual and collaborative 
scientific endeavors. 

Demonstrate effective communication skills 
within the context of science. 

Understand the basic concepts and principles of 
science and apply them to solve problems, make 
decisions and understand the world. 

Demonstrate awareness of science related skills 
and careers. 




Ed Shay, one of the orginators of the BESS program instructing his students at the Linworth Alternative 
School in Worthington, OH. 




BESS 1 Framework (Ninth Grade) 



A. EARTH'S NATURAL SYSTEMS 



A1 What is a system? 

A2 Why is diversity important in a system? 




A3 How and why do scientists classify parts of systems? 

A4 How do Earth's natural systems change? 

A5 What are some issues or concerns regcirding Earth's natural systems? 
A6 What tools and processes are used to study natural systems? 

B. REMOTELY SENSED INFORMATION 



B1 How are maps, aerial photos and satellite images used? 




B2 How do comparisons of data/information over time show change? 

B3 How do ground observations provide clues for the interpretation of aerial photos and satellite 
images? 

B4 How is remote sensing used in astronomy and medical sciences? 

B5 What are some issues or concerns regarding change and rem^ ■ '^ensing? 

C. WEATHER SYSTEMS 



Cl How is remote sensing used to study weather systems? 

C2 What is the source of energy in our atmosphere? 

C3 What causes weather to change? 

C4 What are the interactions between Icirge bodies of water, land, and atmosphere that influence 
weather? 

C5 How can changes in the weather be monitored and predicted? 

C6 How does weather affect you, and how does it affect other organisms? 



C7 What causes violent weather such as blizzards, tornadoes, thimderstorms and hurricanes, and how 
can you protect yourself from these? 

C8 What are some issues or concerns regcirding weather systems? 



D. EARTH'S NATURAL RESOURCES 



D1 What are Earth's major natural resources and how do we use them? 

D2 What are our responsibilities toward the use of natural resources? 

D3 Which natural resources are renewable or nonrenewable and how can or should they be managed for 
sustainability? 

D4 What are some of the positive and negative impacts of acquiring and utilizing natural resources? 
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D5 What are some orgaruzations involved with envirorunental stewardship? 

D6 What are some issues or concerns regarding Earth's wastes, pollutants, and natural resources? 

E. ECOSYSTEMS 

El What remote seirsing techniques are used to study ecosystems? 

E2 How do landforms and soils develop? 

E3 How does energy flow within an ecosystem? 

E4 What are some interrelationship in an ecosystem? 

E5 What are some issues or concerns regarding ecosystems? 

E6 How are ecosystem relationships altered and what are some of the results of these changes? 

E7 What are the factors that make terrestrial and aquatic biomes in the world unique? 




E8 What effects do biomes have on global environments? 



F. CULMINATING ACTIVITY 



Students will be involved in a culminating activity which will explore and integrate many of the concepts 
and ideas developed during the first year of BESS. 




BESS 1: Concepts and Content 

Unit A: EARTH'S NATURAL SYSTEMS 

Examples of Systems 
Ecuih's Subsystems 
Biodiversity 
Biological Classification 
Biotic/ Abiotic Factors 
Dichotomous Key 
Examples of Change in Systems 
Population Dynamics 
Solar System 
Remote Serrsing Devices 
Cause and Effect Interrelationships 
Interrelationships 

BESS students at Thomas Worthington High School working on their Unit B: REMOTELY SENSED INFORMATION 

team project. 

Map Scale 

Latitude/Longitude 

Topography 

Remote Serrsing Devices 

Uses of Remote Serrsing (Medical, Astronomical, 
Environmental) 

Indicators of Change 
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Unit C: WEATHER SYSTEMS 
Seasons 

Emergency Readiness 
El Nino 

Convection Cells 
Warm and Cold Fronts 
Climates 
Jet Streams 
Storms 

Land /Water Interactions 
Water Cycle 

Collecting Weather Data 
Forecasting 

Unit D: EARTH'S NATURAL RESOURCES 

Formation of Resources 

Habitat Destruction 

Renewable vs. NonRenewable 

Alternative Resources 

Stewardship Organizations 

Reduce /Reuse / Recycle 

Human Influenced Global Climate Change 

UnitE: ECOSYSTEMS 

Introduction to Natural Selection 

Glaciation 

Food Chains/ Webs 

Energy /Biomass Pyramids 

Biogec/chemical Cycles 

Trop?dc Levels 

Biome >/ Ecosystems 

Nic±»e 

Community Relationships 
Soil E>evelopment 

Adaptions (Structural, Morphological, Uses of 
Chemicals, Behavioral) 



BESS 1: Problems and Issues 

Unit A: EARTH'S NATURAL SYSTEJvlS 
Whaling 

Marine Mammals 
Deforestation 
Endangered Species 
Extinction 

Zero Population Growth 
Hunting/ Fishing/Poaching 



Human Population Growth 
Environmental Ethics 
Zoos/Preserves 
Stewardship 

UnitB: REMOTELY SENSED INFORMATION 

Land Use /Urbanization 
Documentation of Change 
Uses of Satellite Data (i.e., deforestation, ozone 
depletion, storms and weather, population 
growth) 

Familiar Places 

Unite: WEATHER SYSTEMS 

Weather Technology 
Global Climate Change 
Emergency Readiness 
Artificial Weather Control 
Droughts (i.e., cloud seeding) 

Planning for Weather Changes 

Unit D: EARTH'S NATURAL RESOURCES 

Air Quality/Pollution 
Natural Resource Depletion 
Land Allocation 
Ground Water Contamination 
Fossil Fuel Depletion 
Synthetic Replacements 
Jobs vs. Environment 
Reduce/Reuse /Recycle 

UnitE: ECOSYSTEMS 

Pesticides 
Wildlife Preserves 
Wetlands Destruction 
Oil Spills 

Rainforest Destruction 
Deforestation 
Soil Quality 
Desertification 

Antarctica ^ 

Food Additives/ Alterations 
Acid Rain 

Man-made Chemicals 
Asbestos 

Naturally Occurring Chemicals 
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BESS 2 Framework (Tenth Grade) 

G. REVISmi'JG SYSTEMS 

ait ^osystem) 

H. ORGANISMS AS SYSTEMS 

HI What technologies are useci to stuciy inciiviciuals? 

H2 What is the internal structural organization of organisms? 

H3 How do the internal subsystems of an organism function emd respond to changes? 

H4 What are the main biochemical processes that sustain orgemisms? 

H5 How do the structures and biochemical processes of organisms function interconnectedly to achieve 
essential matter and energy exchanges? 

H6 What are some factors that may change the normal functions of an organism's subsystems? 

H7 What are some issues or concerns regardmg the well-being of individual organisms? 

I. THE EARTH AS A SERIES OF INTERACTING SYSTEMS 

11 How can changes in Earth's subsystems be monitored and predicted? 

12 What are the causes and effects of crustal evolution and other major changes in Earth's subsystems? 

(Activitics--rWfe^rc Geltin' All SHOOK Upl; Change; Plate Tectonics) 

13 How does matter move through biogeochemical cycles involving different subsystems? 

14 What Ccin fossils and other Earth archives tell us about the nature of and the rate of changes and 

interaction in Earth's subsystems? 

15 How and why are humans altering Earth's subsystems? 

16 What are some issues or concerns raised from these alterations? 

17 What should we do to minimize our negative impacts on changes in Earth's subsystems? 

J. ORGANIC EVOLUTION, GENETICS AND BIOTECHNOLOGY 

J1 How do the major natural processes that may result in changes in species work? 

J2 What changes in genetic diversity may result from these processes? 

J3 What evidence is there for organic evolution? 

(Activilies — ^Jurassic Park Activity; Mutations and Misconceptions; SimLife Project 

J4 How are genetic information molecules replicated, transmitted, expressed, and altered? 

J5 What are the mechanisms and principles of genetics/heredity? 

J6 How and why are humans altering natural genetic and/or reproductive processes? 

J7 What are some potential implications and impacts of these alterations? 

J8 What are some issues or concerns raised by these alterations? 
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K. CUIAONATING ACn\0^ 

K1 Students will be involved in a aolminating activity which will explore and integrate many of the 
concepts and ideas developed during the second year of BESS, 



BESS 2: Concepts and Content 

Unit G: REVISITING SYSTEMS 

Chaos Theory 

Earth’s Subsystems Review 

Unit H: ORGANISMS AS SYSTEMS 

Atomic Structure 
Cell Struction and Function 
Plant Organ Systems 
Animal Organ Systems 

Energy Requirements of Organisms (e.g. enzymes, 
cellular respiration and photosynthesis) 

Unit I: THE EARTH AS A SERIES OF 
INTERACTING SYSTEMS 

Minerals 
Rock Cycle 

Weathering and Erosion 

Oceans 

Rock Strata 

Fossils 

Plate Tectonics 
Earthquakes and Volcanoes 
Continental Drift 

Unit J: ORGANIC EVOLUTION, GENETICS AND 
BIOTECHNOLOGY 

Genetics/Heredity 

Mitosis 

Meiosis 

DNA Replication 
Protein Synthesis 
Geologic Time Scale 

Evidence for Evolution (e.g. fossil record, biodnemi- 
cal and geographic) 

Mechanisms of Evolution (e.g. mutation, recombina- 
tion, and natural selection) 

Nonhuman Irrfluenced Global Climate Change 



BESS 2: Problems and Issues 

Unit G: REVISITING SYSTEMS 

The State of the World Today 
Chaos Theory 

What's New in the World/Instabilities 

Unit H: ORGANISMS AS SYSTEMS 

Toxic Substances 
Chemical Deficiencies 
Carcinogens 
Parasites 

Bactehal/Fungal/ Vual Agents 
pH/Temperatuie Variations 
Animal Research/Welfare 
Euthanasia 

Org£in Transplantation 

UnitI: THE EARTH AS A SERIES OF 
INTER.\CTING SYSTEMS 

Waste Disposal 
Mining 

Ocean Dumping 
Shore Erosion 
Sea Level Changes 
Shore Modifications 
Stream Channelization 

UnitJ: ORGANIC EVOLUTION, GENETICS AND 
BIOTECHNOLOGY 

Mutagenic Agents (suntanning) 

Gene Therapy 
Genetic Coimseling 
Artificial Selection 
Reproduction Technologies 
Moral/Ethical Implications 
. Genetic Engineering and Biotechnology 
Cloning 

Fertility Enhancement 
Artificial Insemination 
In Vitro 

Surrogacy r j rs < > 
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BESS Types of Activities Used 

Unit A; EARTH'S NATURAL SYSTEMS 



• Pond and river studies 

• Classification methods 

• The Solar System 

• The scientific method 

• Microscope and classifications labs 

• Student developed computer programs 

• Nature walks 

• Access on-line database 

• Systems science 

• Population studies 



UnitB: REMOTELY SENSED INFORMATION 

























Reading topographic maps 

Use of technology in the medicsd field 

Types of equipment used to gather information 

about the xmiverse 

Use aerial photography to investigate our local 
environment 

Investigate what we can learn and use from 
satellite photos 

Use CD-ROM technology to investigate remote 
sensing techniques 
Satellite images of Earth 
Map skills 

Chwges in Worthington 



• Food resources 

• Ore extraction lab 

• Ohio's coal industry 

• Methods used to obtain natural resources and 
associated problems 

Unit E: ECOSYSTEMS 

• Become an expert regarding a specific biome, 
and create a biome booth 

• Investigate ways that we have altered or could 
alter our biome 

• Food webs and energy pyramids 

• The legacy of glaciers in Ohio 

• Ecological relationships 

• Soil studies 

• Trouble with water 

• Adaptation activities 

• Groundwater 

• Soil types 

• Water issues 

• Trophism labs 

• Microbiology labs 

• Permeability and porosity lab 

UnitF: CUU^ATING ACTIVITY 

Students will be involved in culminating activity 
which will explore and integrate many of the 
concepts and ideas developed during the first ye<ir 
of BESS. 



Unit C: WEATHER SYSTEMS 



Unit G: REVISITING SYSTEMS 



• Investigating the weather page of the newspaper 

• Computer simulation games to investigate 
pollution associated with cities 

• Student-made newspaper or weather television 
show 

• Investigate the depletion of the ozone layer and 
prevention of this 

• Investigate global warming — causes and effects 

• Labs on the amotmt of carbon dioxide stored in 
certain types of rocks 

• Air temperature and pressure labs 

• Causes of wind and weather patterns 

UnitD: EARTH'S NATURAL RESOURCES 

• Energy resources 

• Agricultural resources 

• Building resources 

• Recreational resources 



• Microcosm experiment 

• Construction and study of ecocolumns 

• The science of composting 

• Sphere interaction studies 

• Aesthetic field trip 

• Everything is connected to everything 

• Field studies plots 

Unit H: ORGANISMS AS SYSTEMS 

• Cell structure and function 

• Cell doctor 

• Organelle trade show 

• Protease lab 

• Catalase lab 

• Cell energetics HyperCard Stack 

• Organ systems project 

• Cell processes games 
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• Biomechanics and biceps 

• Cell model building 

UnitI: THE EARTH AS A SERIES OF 
INTERACTING SYSTEMS 



• Change through natural selection 

• T. rex exposed 

• Jurassic Park 

• Wings genetics program 



Unit K: CULMINATING ACTIVITY 



Geologic time 
Rock cycle 

Fossil marking and identification 
Radiometric dating simulation 
Sedimentary processes: stream table 
Igneous processes 
Volcanoes and climate 
Ice core activity 
El Nino activity 

Town Hall meeting dealing with changes 

Downeaster Alexa 

Crustal ocean evolution 

Ecological succession 

Climate system changes 

“Great Quake of '89“ interactive laser video disc 

Unit J: ORGANIC EVOLUTION, GENETICS AND 
BIOTECHNOLOGY 

« Dropping your genes: a genetics stimulation in 
meios fertilization, and reproduction 

• Gender change research 

• A study of DNA: The molecular basis of hered- 
ity 

• Marshmallow meiosis: the reebop activity 

• Family genealogy and heart disease 




Students will be involved in a culminating activity 
which will explore and integrate many of the 
concepts and ideas developed during the second 
year of BESS. 



Support Materials for BESS 

Macintosh computers 

Biology textbooks 

Earth science textbooks 

Environmental science textbooks 

Microsoft Works 

HyperCard 

Superpaint 

Computer simulations 

Videotapes 

Videodiscs 

CD-ROM 

DeltaGraph 

Ohio State University 

School library 

IBM compatible computer 

Camcorder 

Spinnaker Plus 

Computer graphics 

Computer sound edition capabilities 

Periodicals 

Atlases, almanacs, and dictionaries 
BESS library 
Optical scanner 
3^mm camera 
CompuServe 

Biology and Earth science laboratory materials 
Satellite images and aerial photographs 
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Vic Mayer, PLESE Project Director, hunting for trilobites in the 
Ordoxhcian of southern Ohio. Photo by Suck-tvan Choi. 
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Symposium to Save a Species 



Introduction 

The newly founded International Endangered 
Species Organization (lESO) has recently announced 
they will he holding an open meeting for the pur- 
pose of presenting $5,000,000 to an organization for 
a plan to save endangered species. The lESO will be 
concerned with how the moneys will be used to save 
that species. Things to consider are: identification 
of causes of endangerment, plans to alleviate the 
causes, and generation of public awareness. 

Any group which is concerned with working to save 
an endangered species is encouraged to present a 
proposal to lESO for the five million dollar grant. 



Group Objectives 



The objective of your group will be to represent an 
enviroimiental organization concerned with the 
preservation of a particular species. It is the group's 
decision as to which species you want to save. The 
only requirement is it m\ist be an endangered 
species. 



Once your group has decided upon the species to 

save, you need to determine a strategy for saving 

that species. This strategy needs to include: 

1. What information is needed about the species 
and its endangerment. 

2. Methods to stop the reasons for endangerment. 

3. How the money will be spent (considering both 
the species and the public). 

4. Type of information that needs to be presented 
to lESO. 

5. Best way to persuade the committee to award 
your organization the grant (without bribery). 

6. How each person in your group will be involved 
in the presentation to the lESO committee. 

7. Type of visual aids that will be used during the 
presentation. 



When the group makes its presentation to the lESO, 
remember that other groups will also be making 
presentations. In other words, you're competing 



directly with those organizations for the funds. As a 
result, your group's presentation needs to be the 
most persuasive. While the group is doing strategic 
planning you should be concern^ with answering: 

1. What has happened to the population of this 
species? 

2. \^y has this species become endangered? 

3. What is the future of this species? 

4. How have people affected this population? 

5. Why is your group's organism more important 
to save than any of the other groups' organisms? 



Resources Available 



• the school library 

• the public library 

• periodicals 

• laser disc images 

• video tapes 

Presentation 



• CompuServe 

• computers 

• resource books 

• reference books 



When organizations attempt to obtain business or 
funding, they always try to impress the potentied 
client with a smootti, knowledgeable, clear, and 
multifaceted presentation. This means they try to 
present calmly and intelligently, using a variety of 
methods to persuade the prospective client. Check 
with your teacher as to what is available and how to 
use it. 



Grading 

The project grade will be determined on the follow- 
ing bases: utilization of classroom time, knowledge 
gained and reported, visual aids, participation in the 
presentation, creativity, and accuracy of information 
presented. Each group will also evaluate another 
group prior to the presentation to the committee. 
Each person is also responsible for completing the 
attached planning guide. This form indicates 
responsibilities and duties of each person within the 
group. 
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Planning Guide 



Selected Organism 



1. What is your duty or job description? 



2. List all of the tasks you will need to perform to accomplish your job goals. 

a. 

b. 



c. 

d. 

e. 



3. What is the pre sent state of your species population? 



4. What is your understanding as to what has caused this organism to become endangered? 



5. As far as you know, how have people affected the population of your organism? 



6. What do you foresee as the future of this species? 



7. What do you know is currently being done to help your organism? 



8. What does your group plan to do with the grant should you win it? 



9. What reason do you have for choosing this organism? 



10. Give a brief description of your anticipated presentation. 



11. What sources do you think you will need? 
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Peer Assessment for 
Endangered Species Project 



Organism 



DIRECTIONS; Each person is to critique or evaluate another group using the form below. Circle the word 
or phrase that best describes the other groups' performance based on your observations. Always be positive 
but also point out potential flaws to the other group. 



Was the presentation 
of the appropriate 
length? 


Too Short 


Too Long 


Just Right 


Did the topic provide 
good information? 


Contained no 
Information 


Contained a Little 
New Information 


There Was a Lot of 
New Information 


Was everyone within 
the group involved 
with the presentation? 


Only a Few People 
Within the Grolip Were 
Involved in the 
Presentation 


Only a Few People 
Within the Group Were 
Not Involved d*4 the 
Presentation 


Everyone Was 
Actively Involved in 
THE Presentation 


What was the quality 
of the visual aid(s)? 


Visual Aids Didn't 
Exist 


The Visu ds Could 

Ha'’ d Better 


The Visual Aids Were 
Used Appropriately to 
Improve an 

Understanding of the 
Problem 


What was the quality 
of creativity? 


Needs Improvement 


j , 

tisfactory 


Outstanding 


Were the participants 
ready and well 
informed when asked 
questions? 


Individuals Had a Lot 
OF Trouble Answering 
Questions 


Individuals Answered 
Most Questions With 
No Problems 


Individuals Answered 
All Questions 
Correctly 




On the back of this form place comments that will help the group improve their presentation. In making 
these recommendations also cor\sider what areas the teacher will be grading. 
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Endangered Species Pamphlet 



You represent an organization which would like to help save an endangered species. This species may be 
plant or animal. Your role will be to create an information pamplet from one 8.5" X 11" sheet of typing paper 
that will try to promote interest in your cause. You want this pamphlet to be as impressive and pleasing to 
the eye as possible. It must be typewritten or created on a computer and contain information on the 
following: 



1 . 

2 . 

3 . 

4. 

5. 

6 . 

7. 

8 . 

9. 



10 . 



11 . 



The common name of the organism. 

The scientific name of the organism. 

Where the orgcinism Uves (you may want to include a map). 

Major reasons for the organism being endangered. 

How many of these orgcinisms are left in the wild. 

Pictures of the orgcinism. 

A description of the organism and where it is in the food chain. 

The life span of the organism. 

How your organization plans to help the orgcinism. 

Organizations that are already involved in your crusade. 

What orgaiuzations like yours are presently doing to try and save the orgzmism. 



Once again your role as the creator of the pamplet is to try and persuade people to donate money and time in 
helping your cause^ so make this venture cis professional looking as possible. (HINT: You don't need to 
spend money to complete this project and get a good grade.) 



Set up of the Paiviphlet 

The pamphlet should be set up so that it is a tri-fold arrangement. Information should be on both the inside 
and the outside of the pamphlet. Below is an example of how the pamphlet should be folded. 




Grading and Scoring 

Categories one through nine above have equal point values. The accuracy of information will be determine 
for each area and points awarded. Creativity and neatness of the final project will be graded also. Items 10- 
11 will be awarded extra credit points if multiple organizations are foimd and addresses given where people 
can write to obtain more information. p ^ 
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Environmental Effects of an 

Organism 

Lab 



Background Information 

V^d yeast organisms are important organisms of 
decay in ecosystems. They help break down and 
recyde nutrients for reuse by living things. They can 
be found especially in rotting fleshy fra ts such as 
apples, grapes, bananas, and oranges which contain 
large concentrations of simple sugars sudv as 
glucose and fructose. Under anaerobic conditions 
yeast converts tl e energy stored in the sugar mol- 
ecules to energy i >r its life processes by an energy- 
releasing process called fermentation. 

Under favorable conditions yeast reproduces fairly 
rapidly by asexual reproductive 'budding.'* There- 
fore, yeast cells can relatively quickly cause foods 
such as apple dder and orange juice to ferment, 
unless the juices are refrigerated, and/or chemical 
preservatives have been added. Some yeast species 
are also implicated in certain yeast infections in 
humans. 

Yeast organisms represent one of the early examples 
of biotedknology, since humans have used them for 
centuries to help make bread, beer, and wine. Today 
they are being genetically engineered as microscopic 
'biochemical factories" to help produce certain 
pharmaceutical molecules such as insulin. 

In this activity we will be using yeast organisms to 
investigate the fermentation process. It will help 
prepare you for many of the techniques used in 
chemistry and in BESS 2. 



Materials 

Setup as shown in the drawing below, activated 
yeast solution, 400 mL of light molasses solution 
(approx. 1 part molasses to 9 parts water), limewater 
solution, water, filter paper, and small beaker. 




Day 1 Procedure 

1. Obtain the setup as shown above. 

2. Into the middle florence flask place 150 mL of 
the limewater. 

3. Into the last flask place 150 mL of tap water. 

4. Into the first flask place 10 mL of the yeast 
culture and 400 mL of the molasses solution. 

This solution is the food source for the yeast. 

5. Seal all flasks tightly and obtain a piece of tape 
to label your flask setup. Place your setup where 
instructed by your teacher. 

6. Obtain a piece of filter paper. Go to the balance 
and record its mass in the appropriate space on 
the Data Table. 

7. Obtain a small beaker, label it with your name, 
put the filter paper inside, and place it in the 
drying oven. 

8. Enter all other groups' masses for the filter 
paper on the Data Table. Determine the average 
mass for the filter paper for the class. 
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Day 2 Procedure 

1. Remove the filter paper from the drying oven 
and determine its weight again. Record the 
results on Data Table 2. 

2. Record all the other grci ps’ masses on Data 
Table 2. Determine the average mass of the dried 
filter paper on Data Table 2. 

3. Determine the average mass of filter paper lost 
by drying. Record this value on Data Table 2. 

4. Obtain your lab setup. Swirl and pour your 
limewater from the middle floience flask into a 
beaker. If necessary, add a small amount of 
water to the flask and swirl to remove the last 
amount of white precipitate. 

5. Place 150 mL of fresh limewater into the middle 
flask and stopper again. 

6. Put your setup back in place. 

7. Use the filtering technique demonstrated to you 
by your teacher to collect the white precipitate. 
BE PATIENT! This does take time. 

8. Place your filter paper and filtrate into a marked 
beaker and place in the drying oven over night. 

Day 3 and All Subsequent Days 

1. Remove the filter paper from the drying oven 
and determine its weight again. Record the 
results on Data Table 3. 

2. Obtain your lab setup. Swirl and pour your 
limewater from the middle florence flask into a 
beaker. If necessary, add a small amount of 
water to the flask and swirl to remove the last 
amount of white precipitate. 

3. Place 150 mL of fresh limewater into the middle 
flask and stopper again. 

4. Put your setup back in place. 

5. Use the filtering technique demonstrated to you 
by your teacher to collect the white precipitate. 
BE PATIENT! This does take time. 

6. Place your filter paper and filtrate into a marked 
beaker and place it in the drying oven over 
night. 

Final Day 

Graph the mass of CO^ by time (in days). 



Define 

1. aerobic 

2. anaerobic 

3. fermentation 

4. filtrate 

5. precipitate 

Questions 

Anwer all questions in complete sentence form. 

1. Describe any activity you observe happening in 
the flask containing the yeast. 

2. Assume that moiasses is mostly (or can easily be 

converted into) glucose and that the 

yeast cells aie using it as food. Predict what will 
most likely be the products of the breakdown of 
glucose by yeast. 



3. Are conditions inside the flask aerobic or anaero- 
bic? Why? 



4. Based on changes in the limewater, what gas 
might this be? 

5. Carefully remove the stopper from the flask, and 
smell the flask contents. What does it smell like? 
What chemical may have been produced in the 
flask? 



6. According to your graph, what would eventu- 
ally happen to the yeast cell population in the 
flask? Why? 

7. Summarize what you have foimd out about 
fermentation. 



8. What are some beneficial uses of yeast organ- 
isms by and for htunans? 

9. What are some harmful effects of yeast organ- 
isms to humans? 
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Reintroduction of 
Castor canadensis 
TO Harveysburg 




Introduction 

You are a wildlife biologist commissioned by a 
committee of the Harveysburg Division of \^dlife 
Management to investigate the feasibility of reintro- 
ducing Castor canadensis into a habitat that it once 
occupied. Castor canadensis was hunted for its pelt in 
this area until it was extirpated in 1905. The 
Harveysburg Division of V^dlife Management has 
determined that there are ei^t sites which are 
potentially good for its reintroduction. Your re- 
search literature tells you there are five important 
factors which will determine the potential success of 
the reintroduction. Castor canadensis: 

• Needs to be a minimum of 5 miles away from 
any human activity. 

• Prefers to live in streams or rivers that have a 
gradient between 2 and 6 feet per mile. 

• Predators include wolves, alligators, and 
cougars. 

• Needs unpolluted water in which to live. 

• Needs a large supply of deciduous trees which 
serve as a source of food and building materials 
for its homes. 

In the map room of the Harveysburg Division of 
V^dlife Management you found four documents 
which will help you decide which location would be 
the best for Castor canadensis. These documents 
include: Harveysburg Quadrangle, Harveysburg 
Summer LandSat Image, Harveysburg Winter 
LandSat Image, and a Harveysburg Major VN^dlife 
Distribution sheet. The potential sites for leintro- 
duction are indicated by a circled capital letter on 
each document. 

Throughout this entire activity, you will have many 
resources available to you, including notes, 
worksheets, textbooks, and dictionaries. 



Procedure 

STEPl 

As a wildlife biologist you know that a study of this 
nature must take into account all of the factors 
mentioned above. You know you must eliminate 
those sites which are imdesirable. This is done by 
looking at each of the five factors already men- 
tioned. 

Tlie first factor you should look at is the distance 
Castor canadensis would be from human activities. 
Using the Harveysburg Summer LandSat Image, 
Harveysburg Quadrangle, and the scale provided, 
determine the distance (in miles for each site) Castor 
canadensis would be from human activity. Record 
your findings in coliunn 1 of the Data Table on the 
Report to the Harveysbvug Division of V\^dlife 
Management. Then complete SECTION A of the 
report. 

STEP 2 

Continue to concentrate on the Harveysburg Quad- 
rangle. Recall that Castor canadensis prefers to live in 
streams or rivers that have a gradient between 2 and 
6 feet per mile. Determine the gradient for each site 
showing your computations in SECTION B of the 
report. Measure the gradient using the two contour 
lines which you can see crossing the river on either 
side of the site. Record the gradient of each site in 
column 2 of the Data Table. Complete the remainder 
of SECTION B of the report. 

STEPS 

Next you decide to consider predators of Castor 
canadensis. Almost all sites will have predators. One 
factor to consider when looking at the Harveysburg 
Major V^dlife Distribution map would be the range 
of the different kinds of predators. In your study 
you have determined that wolves have a himting 



2 IKS • A I^i SOI U( I _( ii 11)1 I ()U I'] \u‘i II S\ si I \is Ki)i ( \i i()\ 

* ^ 



range of about a ten mile radius and cougars have a 
range of about ten miles. Using the Harveysburg 
Major V^^lldlife Distribution map and the same scale 
as found on the Harveysburg Quadrangle, count the 
number of predator symbols which will interact 
with Castor canadensis at each site. Record this 
information in column 3 of the Data Table. 

STEP 4 

Next you decide to investigate those sites which are 
affected by pollution. Castor canadensis is very 
sensitive to pollution due to human activities. Using 
the Harveysburg Summer or Winter LandSat Images 
and the information you have learned through your 
classroom studies, determine which sites would be 
eliminated due to pollution. In column 4 of the Data 
Table indicate if the site contains pollution (yes) or if 
it is free of pollution (no). Complete SECTION C of 
the report. 



STEPS 

Now consider the last factor, the presence of decidu- 
ous forests used by Castor canadensis for food and 
shelter. Using the Summer and Winter Harveysburg 
LandSat Images, determine if each of the sites would 
have the necessary deciduous forest for Castor 
canadensis. Record your response (yes or no) in 
column 5 of the Data Table. Complete SECTION D 
of the report. 

Finally with all of this information you find yourself 
ready to complete the remaining sections of the 
report to the Division of Wildlife Management. 




BESS student groups at Worthington Kilboume High School toork to complete their assessment of the 
environmental impact of a dam proposed fora site near Worthington, OH. 
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Reintroduction Report for Castor canadensis 



Data Table 





Step 1 

Distance from 
Humans 


Step 2 
Gradient of 
the Site 


Step 3 
Number of 
Predators 


Step 4 
Presence of 
Pollution 


steps 

Presence of 
Deciduous Trees 


Site A 












Site B 












SiteC 












SiteD 












SiteE 












SiteF 












SiteG 












SiteH 













Section A 

I believe site(s) should be eliminated from consideration because of human 

proximity. My reasoning for this is: 



Section B 

In my opinion, site(s) should be eliminated from consideration for reintroduction because of failure to meet 
stream gradient requirements. My calculations are as follows: 



Site A Calculations 


Site E Calculations 


Site B Calculations 


Site F Calculations 


Site C Calculations 


Site G Calculations 


Site D Calculations 


Site H Calculations 
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Section C 



Site(s) . 



pollution is most likely a result of: 



. should be eliminated from consideration because of the presence of pollution. This 



Section D 

Site(s) should be eliminated from consideration because of the lack of proper vegetation. 

More specifically these sites are removed from consideration because: 



Section E 



In my opinion, the best site(s) for reintroduction would be . 
(these) site(s) are: 



My reasons for choosing this 



After sharing your report with the committee, they posed the following questions: 

How many pairs of Castor canadensis could be reintroduced to the site(s) considering that one pair requires 
two miles of undishorbed river in which to live? (Show calculations) 



Does the presence of predators necessarily indicate that a site is unsuitable for the reintroduction of Castor 
canadensis? (Explain) 
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Weather in Our Lives 



Objective 

This project is designed to create a better under- 
standing of what weather is and how it affects our 
daily lives. Every day we get information by 
watching television, listening to the radio, and 
reading a newspaper. During this project each class 
will create its own newspaper composed of several 
different sections such as the sports, metro, fashion, 
national, and international news. The class will 
divide into small groups and determine which 
sections to include in the newspaper. All members 
of a group are responsible for doing their part of the 
newspaper and be graded accordingly. 

It would be a good idea for students to obtain or 
bring a book such as Writers, Inc. with them to class 
on a daily basis. Books such as Writers, Inc. have tips 
and rules concerning the "how to's" of writing a 
newspaper article. 

Each group will decide upon the articles to be placed 
in their section. Along with these articles should be 
found advertisements and comics, such as foimd in 
any newspaper. All contributioi\s to the newspaper 
need to be related to weather directly. Students are 
advised and encouraged to be creative. The inclu- 
sion of art is strongly encouraged. 



Evaluation 

Students will be graded according to accuracy of 
factual content, effort/participation, creativity; 
layout, and format of the project. Students should 
look more closely at the grading rubric provided. 



Important Deadlines 



Day 1 


Discussion of project 


Day2&3 


Work on research and developing 
articles 


Day 4 


One page rough draft of article due 


Day 6, 7, & 8 


Complete work on drafts, cartoons, 
and advertisement 


Day 9 & 10 


Work on layout of section (cut/ 
paste/prxiiing) 


Day 11 


Final draft of newspaper due 


Concepts Covered in Class 



Greenhouse effect/global warming 
Ozone depletion 
Air pressure systems 
Fronts 

Weather satellites 
Tornadoes 
Thimderstorms 
Clouds 

Storm emergencies 
El Niho 

Weather related to: food, sports, fashion, 
business, farming, advertising, and 
the enviroiunent 
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How Effective Is a Carbonate Rock 
AT Storing Carbon Dioxide? 



Introduction 

Carbon dioxide is continuously being released into 
the atmosphere as the result of many activities 
which occur within the biosphere. These activities 
include by-products of respiration, decomposition 
of organic matter, and the burning of fossil fuels. 
Because of this, if the carbon dioxide is not re- 
absorbed and stored someplace, high levels of 
carbon dioxide in the atmosphere could result in a 
rise of the global temperature. Scientists estimate 
that carbon dioxide is the biggest contributor (50%) 
to the greenhouse shield. 

There are three sinks (storage areas) of carbon 
dioxide that are understood by scientists. First, 
living organisms, primarily in the form of trees and 
other plants, store a large amount of carbon dioxide. 
Second are the oceans of the world. Generally as the 
cunoimt of carbon dioxide in the atmosphere iri- 
creases so does the amount in the oceans. The ^ird 
sink is found in the form of carbonate rocks. The 
most cotxunon type of carbonate rock is limestone. A 
carbonate rock has the carbonate ion (COj'^) present 
in some form. In this investigation we wiU be using 
limestone, which has a general chemical formula of 
CaCOj. This rock can form many different ways. 
One method of formation is when calcium oxide 
found in ocean water reacts with the carbon dioxide 
found in the atmosphere. This chemical reaction is 
shown as CaO + COj -* CaCOj. 

In this investigation you will be reacting limestone 
with hydrochloric acid. The chemical reaction for 
this is CaCOj + 2HC1 CaClj + H^O + COj. 



Safety 

When using hydrochloric acid make sure you rinse 
your hands with lots of water. Do not take your 
goggles off while in the lab. Rinse your hands before 
you leave the lab. If you get any acid on yourself 
notify the teacher. 



Materials 

Gas generating setup, 1 piece of limestone, 250 mL 
erlenmeyer flask, 1 pneumatic trough, balance, 
goggles, and 100 mL of 2M HCl. 




Procedure 

1. Obtain and determine the mass of a piece of 
limestone. Record this mass on the Data Table. 

2. Obtain a gas generating setup as shown in the 
diagram. 

3. Position the setup so that the spout of the 
pneumatic trougji hangs over the sink. 

4. Fill the pneumatic trough with water just below 
the level of the spout. 

5. Fill the 250 mL erlenmeyer flask with water. 
Insert a stopper into the top of the flask so that it 
may be turned upside down and placed in the 
pneumatic trough. Remove the stopper. The 
water should remain inside the flask. 

6. One person will need to hold and steady the 
flask and hose which is placed inside the flask. 

7. Place 50 mL of 3M HCl into the gas generating 
bottle. 

8. Carefully place the limestone into the gas 
collecting bottle and insert the stopper. A 
chemical reaction between the acid and lime- 
stone will immediately begin. Shortly after, 
bubbles of gas will begin to collect in the 
erlenmeyer flask. Water will begin coming out of 
the pneumatic trough spout. 

9. Collect 200 mL of the gas in the flask. 

10. When 200 mL have been collected immediately 
stop the chemical reaction by removing the 
stopper from the gas generating bottle, pouring 
the acid down the drain, and flushing the 
limestone with lots of water. 
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11. Remove the piece of rinsed limestone from the 13. When you're done with lab put everything back 

gas collecting bottle and dry it. where it came from. 

12. Determine its new mass. Record this mass on the 
Data Table. 



Data Table 



1. Initial mass of limestone 




2. Final mass of limestone 




3. Mass loss through chemical reaction 




4. Volume of gas collected 




5. Volume of gas generated/ gram of limestone 
(#3+#4) 




6. Mass of gas/liter (experimental value) 
[#3 + #4 (in liters)] 




7. Accepted value 


1.96 g/L 


8. Error (#6-#7 or #7-#6) 




9. Percentage error [(#8 + #7) x 100] 





Questions 

Answer all questions in complete sentence lOrm, 
show all work for questions using mathematical 
calctilations and label answers. 

1. What was the gas produced as a result of the 
chemical reaction? 



2. How many milliliters of the gas could be 

produced from one ton of limestone using this 
method? 



3. Would a silicate rock such as quartz (SiO^) be 
considered a "sink" for carbon dioxide? Explain. 

4. In the distant geologic peist there were times 
when the amount of atmospheric carbon dioxide 
was very low. Explain what implications this 
would have for the formation of limestone. 



5. Compare the accepted value and the experimen- 
tal v^ue for the mass/L. What could account for 
your error? 





The Gaian Game 

Teacher Resource Guide 



Objectives of the Game 

The purpose of this activity is to become more 
aware of many of the environmental and social 
problems associated with use of our natural 
resources. The game also tries to foster an under- 
standing of the interconnections of our problems 
and those of Earth. 



Game Preparations 

1. This activity requires assembly. The game board 
(above) consists of nine pieces of paper which 
need to be taped together to make a master. 

Best results are obtained if this master is then 
taken to a commercial copier or printer where it 
can be duplicated in full size on one sheet of 
paper. It would also be a good idea to laminate 
the game boards so they will withstand the day- 
to-day use found in the classroom. 

2. Along with the game board the Gaian Credits 
(money). Knowledge Cards (two-sided copies). 
Sphere Cards (two-sided copies), and Property 
Cards must also be duplicated for each game 
board used in the classroom. Making the 
different denominations of Gaian Credits is 
helpful but not necessary. 

3. The game is best played with three teams of two 
players at each game board. This allows for 
maximum interaction between participants. 
Other combinations of team^ will also work. 

4. Game pieces (or tokens) and a pair of dice must 
be purchased for each game board. 

5. Blank pages for additional questions are also 
included. 




Purpose Of The Game 

The purpose of this game is for the individual to 
become more aware of some of the impacts that he/ 
she has on the Eeirth. The game will also help to 
demonstrate how the human population has had an 
impact on the Earth. 



Credits 

ecoHOME. 1992. Aivna Kruger. Avon Books, A 
division of The Hearst Corporation, 1350 
Avenue of the Americas, New York, NY, 10019. 

50 Simple Things You Can Do To Save The Earth. 1989. 
Earthworks Press, Box 25, 1400 Shattuck Av- 
enue, Berkeley, C A 94709. 

The Whole Earth Quiz Book. 1991. Bill Alder Jr., Quill 
William Morrow, Permissions Depeutment, 
William Morrow and Company, h\c., 105 Madi- 
son Avenue, New York, NY 10016. 



Note: Masters of the game materials are not included in this Resource Guide. They can be obtained 
from the Earth Systems Education Program Office. 



0 ♦ A Ul S( H |<( I iil IDI I ( )k 1'. \ U I II Sn M I Ms I \l)t ( \ 1 K i\ 



* Gaian Game 

^ AfiMf S Rules &: Instructions 

To Begin The game is designed to be played by 
three or four teams of two players each with each 
team having one game piece. The purpose is to 
have team members discuss and answer questions 
presented to the team. Teams will begin on the 
square called "IT'S A NEW YEAR" and move 
around the game board in a clockwise direction, 
using the dice to determine how many squares they 
will move. 

Each team will be given the following quantities of 
GAIAN CREDITS (money) to begin the game: 

5 each— 1 GAIAN CREDIT 
5 each— 5 GAIAN CREDITS 
Seach— 10 GAIAN CREDITS 
5 each— 20 GAIAN CREDITS 
5 each— 50 GAIAN CREDITS 
4 each— 100 GAIAN CREDITS 
4 each— 500 GAIAN CREDITS 

Banker One individual (participant) will act as the 
banker for the duration of the game. This person 
will be in charge of the extra cash. He/she wUl: 1) 
receive payment for the purchase of properties, and 
2) make payments to teams for Sphere Card actions. 
The Banker has no duties associated with the Gaian 
Bank 

Gaian Bank TheGaiai Bank is the center of the 
game board. It is the place where Gaian Credits 
from the team will be deposited for: 1) Energy 
Taxes, 2) incorrect answers to Knowledge questions, 
and 3) Sphere Card actions. 

Movement If a team rolls doubles they may roll 
and move again. If they roll 3 doubles in a row they 
are declared energy guzzlers for that turn and wUl 
pay the Gaian Bank (center of the game board) 100 
Gaian Credits. They wUl also lose their next turn. 

Property Cards Teams may become owners of 
properties by paying the banker the number of 
Gaian Credits shown on the game board. If another 
team lands on an already owned property, that team 



must pay the team which owns the property the 
individual membership number of Gaian Credits 
shown on the property card. 

If a team manages to purchase all properties of the 
same kind (shown as penguins, dinosaurs, dolphins, 
etc.) that team may charge the group a membership 
fee. 

Knowledge Cards When a team lands on a 
Knowledge Card square another team wUl pick up a 
Knowledge Card from the pUe and read the question 
and possible answers to the team which landed on 
the square. At least three possible answers are given 
for each question. Once the question and possible 
answers are read, the team must pick one of the 
answers. The team which read the card will tell 
them the correct answer and the accompanying 
explanation. 

If the team answers the question correctly, then 
nothing happens. If they answer it incorrectly, they 
donate 10 Gaian Credits to the Gaian Bank 

Sphere Cards When a team lands on a Sphere 
Card square they wUl pick up the card and read it 
cdoud. If they are to receive Gaian Credits it will 
come from the banker. If they are to pay Gaian 
Credits it wUl go to the Gaian Bank 

Earthly Deed Square If a team lands on this 
square they wUl receive one-half of the niimber of 
Gaian Credits in the Gaian Bank. 

Energy Tax Square If a team lands on this 
square they wUl pay 10% of their Gaian Credits to 
the Gaian Bank 

It's A New Year Square When a team passes 
this square they wUl receive 200 Gaian Credits. 

Trading Teams may make trades of properties 
which may or may not include Gaian Credits. 

Winning A team is decleued the winner if by the 
end of the time period they have the most Gaian 
Credits (including the original cost of any properties 
the team owns). 
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D-2 



Microorganisms 
IN THE School Environment 



Introduction 

We are surrounded by many microorganisms in our 
environment. Fortunately, most of them are not 
pathogens or allergens. Molds release many spores 
which become airborne. Bacteria and yeasts can 
become airb ‘ and widely distributed also. 

Purpose 

This activity will compare the types and relative 
abundance of certain microorganisms in various 
school locations. 

Procedure 

1. Obtain one sterile nutrient-agar plate for your 
2-student team. Do Not Open It Until The 
Proper Time! 

2. Decide on a location within the school building 
where you would like to expose the sterile 
nutrient-agar plate to find out the kinds and 
relative numbers of microorganisms. 

3. When you are in the location you have 
chosen, take off the cover of the petri dish 
and set it in position. Stay with your plate 
but stand back at least 8 feet from the open 
dish. Yihy? 

Restrictions and Guidelines 



a. Only one team per location 

b. Use good public relation skills (i.e. don't 
barge in on classes in session unless you 
know the teacher very well, and get his/her 
OK. If you go to places such as offices, 
library, cafeteria area, etc. explain what you 
are doing in the activity and request permis- 
sion of the person in charge. 

c. While in the hallways. . .be quiet and don't 
disrupt classes! 

d. No boys in girls restrooms and vice versa! 



Expose the nutrient-agar surface to the air 
for exactly 10 minutes. W?iy? 

It will be helpful to have a watch or have 
one partner check a nearby clock for the 
proper exposure time. 

4. See instructions below for what to do upon 
returning. 

Upon Returning 

1 . Invert your te^^n's exposed plate. 

2. Use 2 small pieces of tape to secure the top 
and bottom. 

3. Label you dish. 

4. Incubate (inverted) at room temperature in a 
location where there is no direct sunlight. 

5. Observe each day for about a week. Record 
your observations. 

6. At the end of the week, compare the dishes 
that were exposed at different locations. Are 
there differences in the amount of growth or 
in the types of organisms? 

7. Explain the possible causes of any differ- 
ences you found. 

Extensions 

1 . You might collect two samples from each 
location. Then place one where direct sunlight 
will fall on it during incubation and the other 
where it will be dark all of the time. Note 
differences. 

2. Collect microorganisms from surfaces in each of 
the school locations. Use cotton swabs soaked 
with sterilized water. Observe differences 
between locations. Also differences between air 
and surface at each location 
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Biome Booth 



Introduction 

Over the next week a group of students will conduct 

an in-depth investigation of a biome. 

You will do this by creating a booth that contains: 

1. Information that appropriately answers ail the 
questions on the Biome Booth Organizer. 

2. Other relevant information from your biome 
that your group thinks is important enough to 
share with the class. 

3. Creative and artistic visual aids. 

4. Construction of a climatogram for the biome. 

5. A receipe that represents a human culture living 
within or from your biome. (Extra credit for an 
actual serving of your receipe.) 



Sources of Information Which May Be 
Helpful in Constructing Your Booth 

• the public library 

• the school library 

• any in-class materials 

• laser disc images 

• magazines from home or from within the room 

• poster board and markers 

• resource books found in the room 



Presentation 

The presentation part of this project will be handled 
as a 'Travel Show." You will act as travel agents 
trying to entice people to visit your biome. You will 
obviously try to present your biome in an upbeat 
and inviting display. Point out the positive things a 
person could do within your biome. Try to find 
what other resorts, vacation attractions, outdoor or 
leisure activities are already offered that entice 
people to visit your biome. Four groups will present 



their booths each day. Students will take a tour of 
each booth during the class period. The travel 
agents (presenters) will be available to answer 
questions the class may have about their booth. 

Booths MUST be designed so they can present 
themselves to individuals in the class. Do not 
simply go through and answer the questions from 
the worksheet in order. Make the booth interesting 
and informative. 



Grading 

The project grade will be determined on the 
following areas: knowledge gained and reported, 
participation in project, creativity, visual aids, 
accuracy of information presented in the booth, and 
utilization of classroom research time. Each group 
will also be evaluated on a peer assessment sheet by 
the rest of the class. 



Biomes to Choose from: 



• DESERT 

• TUNDRA 

• TROPICAL RAIN FOREST 

• SAVANNA 

• GRASSLANDS 

• TAIGA 

• CHAPARRAL 

• DECIDUOUS FOREST 

• TEMPERATE RAIN FOREST 
(PACIHC NORTHWEST) 

• PERMANENT ICE OR ARCTIC 

• RUNNING FRESH WATER 

• STANDING FRESH WATER 

• MOUNTAIN OR ALPINE 
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Biome Booth Organizer 

Abiotic Factors of the Biome 

1. In what part of the world is this biome found? 

2. What are the average monthly amounts of precipitation for this biome? 

3. What axe the average monthly temperatures for this biome? 

4. Name and describe any geologic events that ocoir in this biome? 

5. What is the soil like in this biome? What is it composed of? Wliat is the name for this soil type? What is 
the soil rich in or what does it lack? 

6. What is weather like in this biome? 

7. What are the major geologic features of this biome? 

Biotic Factors of the Biome 

1. What are the dominant animal forms? 

2. What are the dominant plant forms? 

3. What life forms are endangered? 

4. Are there any environmental events occurring in this biome that will affect life forms? If so^ then describe 
the problems. 

5. What factors influence the appearance of the life forms in this biome? 

6. How has life changed in the region represented by this biome? 

7. What are examples of unique adaptations of organisms found in this biome? 



997 
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Cultural Influences 

1 . What are the major cultural characteristics of this biome? 

2. Is this biome unique to one area of the world? Be able to explain your answer. 

3. How have humans shaped or altered this biome? 

4. What are the human populations of the countries in this biome like? Are they stable, aging and declining, 
or young and growing? How do you know? 

5. What are the mortality rates of these countries like? 

7. What kind of crops do these people grow? 

8. What are the major sources of nutrition (food) for these people? List them. Do citizens of these countries 
consume the same food as we do? If not, why do they consume other foods? 



Individual Role and Duties Within the Activity 
What is Your Job Title in this Activity? 

In the space below give at least 3 different tasks which you will need to perform to fulfill your duties. 



1 . 

2 . 

3. 

4. 

5. 

List All Resources Used For Your Part of the Project (minimum of four must be used) 

1 . 

2 . 

O 

O 

4. 

5, 



6 . 
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Biome Booth Project Grading 



BIOME BOOTH 
ORGANIZER 


-very little information 
provided 

-no job description 


-organizer turned in, but 
sketchy information 
presented in it 
-little supplemental 
material 


-organizer completed; 
great detail provided 
-many notes and resources 
turned in 


PARTICIPATION IN 
PROJECT 


-student contributed very 
little to group 


-showed interest, but 
wasn’t focused 


-was a group leader 
-student was self-directed 


KNOWLEDGE GAINED 
& REPORTED (FROM 
QUESTIONS BELOW 
AND INFORMATION 
FOUND IN BOOTH) 


-student did not have a 
firm grasp of material 


-student seemed to know 
material, but stumbled 
when questioned 


-student had a firm grasp 
of information 
-very few errors of 
information 


VISUAL AID 


-pictures did not 
correspond to subject 


-pictures always 
corresponded to subject 
-some information hard to 
read because of size 
“food extra credit 


-pictures always 
corresponded to subject 
-visually appealing 
-all information easy to 
read 

-recipe present 


ACCURACY OF BOOTH 
INFORMATION 


-many inaccuracies of 
information 
-large quantities of 
information missing 


-occasionally reported 
inaccurate information 
-occasional omission of 
required information 


-was able to answer 
questions easily 
-all required information 
was present 




1 . 

2 . 

3 . 

4 . 

5 . 




6 . 

7 . 

8 . 

9 . 

10 . 



What is a biome? 

What factors makes your biome unique or different from the other biomes? 

Why do different biomes occupy different regions? 

From a human's view, explain why it is advantageous to have a large number of different kinds 
of biomes in the world. 

The bumper sticker says "Have you thanked a biome today?" Give some reasons why you 
should. 

Assuming that humans had the technology to live "comfortably" in any biome, in which of the 
biomes would you most want to live? 

Why don't you find a rain forest type biome in Ohio? 

Give a specific example of how humans have affected a biome. 

If only the rain forest biome existed, how would this effect the rest of the world? 

Which biome is "most important"? Why do you believe this? 




o o r 

y . K 
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Soil Analysis 



Introduction 

Plants grow, shed leaves and blossoms, die and fall to the ground. Dead plant material decays and forms 
humus. Humus mixes with the soil and enriches it by replacing nutrients taken out of the soil by growing 
plants. In this activity you will determine the percentage of humus in a sample of soil 



Equipment 

• crucible • balance 

• clay triangle • ring stand 



crucible tongs • bunsen burner 
sample of soil 



Procedure 

1. E>etermine the mass of the crucible and the 
crucible lid to the nearest 0.01 grams. Record the 
mass in the Data Table. 

2. Fill the crucible about half full with your soil 
sample. Record the mass of the soil sanij^le and 
crucible in the Data Table. 

3. Record the mass of the soil sample in the Data 
Table. 

4. Place the crucible in the clay triangle setup 
shown in the diagram. Heat the contents of the 
crucible for 20 minutes in the hottest part (see 
diagram) of the bunsen burner flame. After a 
short time of heating, the crucible should glow 
red hot. You may notice smoke and flames 
coming out of your curcible, this is OK. 




Hottest Part of Flame 



5. Turn off the burner and allow the crucible to 
cool for 5 minutes. 

6. Once the crucible has cooled, weigh it and 
record its new mass. Record its new mass in the 
Data Table. 

7. Obser/e the soil sample for any change in its 
appearance. 

8. Record the same Data Table information from 
two other groups and record their information 
in the columns Group 1 and Group 2. 




O 
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Data Table 



1. Mass of crucible 


Your soil sample 


Group 1 


Group 2 








2. Mass of crucible and soil sample 








3. Mass of soil sample (#1 - #2) 








4. Mass of crucible and soil sample after 
heating 








5. Mass of soil sample after heating (#4 - #1) 








6. Mass of humus (#4 - #5) 








7. Percentage of humus in soil sample (#6/ #3 

X 100%) 









Questions 

Answer the following questions in complete 
sentences. 



1. Describe the contents of the crucible after the 
heating has been completed. How has it 
changed compared to before the heating? 



2. What is humus? Why did it disappear during 
heating? 



3. Why would someone add peat moss to their 
garden for flower beds? 



4. With regards to the amount of humus, which 
type would be me re desirable, soil with a high 
concentration or soil with a low concentration? 
Explain your answer. 



5. How does your data compare with the data you 
have recorded from other groups in your class. 



ERIC 
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Culminating Activity 



Introduction 

EHuing the next two weeks you will be involved in 
producing a magazine. This magazine will focus on 
many of the topics that were part of the curriculum. 
These topics are extensions of the curriculum. Each 
person will perform two duties during the project. 
These duties are listed in the two sections below. As 
a result of this activity, each student will leave this 
course with a magazine containing articles represen- 
tative of the curriculum. 



Duties for Part One (everyone) 

Your role during the first part of this activity is to act 
as a research journalist for the magazine. Students 
will work by themselves to investigate one of the 
topics. Each individual will present the information 
which was researched in a concise article. The 
articles should deal with any one of the topics on the 
following page. Or if you would like to investigate 
another topic that deals with the ciirriculum, discuss 
it with the teacher for approval. 

You’re in total control of what will go into the final 
article. The article must point out, or bring to light, 
the problems associated with the topic and draw 
attention to the positive things that are being done to 
improve, control, combat, or prevent the problem 
from getting any worse. 

Article criteria 

1. It must be typed. 

2. It must be a minimum of 200 words and a 
maximum of 400 words. 

3. Journalist name(s) must appear on the top center 
directly below the title of the article. 

4. The article may be humorous, but it must be in 
good taste and present accurate information. 

Your article topic will determine what department 
you’ll be working in. No department may have more 
than 6 members. 



Duties for Part Two (everyone) 

After each group has completed the assignment of 
typing their article, the groups will further divide 
themselves into groups to complete the following 
jobs. 



Editorial Job 

1. lor 2 people 

2. Proof read and organize the sequence of articles 
for the department. 

3. Place the articles, advertisements, poetry, and 
artwork in the PageMaker program. 



Non-Editorial Jo.^s 

1. The rest of the department members belong to 
this group. 

2. Advertisement: 

a. each person creates an environmental ad to 
go into the department’s section of the 
magazine; 

b the advertisement may not exceed 3.5 inches 
high by 3.5 inches wide. 

3. Any person (not editors) may write an editorial 
letter which meets the foUowing criteria: 

a. is positive; 

b. deals with one of the foUowing topics: 

• mem's impact on the environment; 

• what man can do to improve things; 

• what kinds of things man is doing now to 
improve our environment; 

c. no more than 100 words. 

4. Cartoons or art: 

a. black and white line drawings; 

b. must pertain to subject material appropriate 
for the curriculum. 

5. Poetry. 

^ 



Magazine Depaktments 



Grading Criteria for the Project 




• Uses of remote serising 

• Air and water quality 

• Toxic wastes 

• Hunting 

• Alternative energy sources 

• Natural resource problems 

• Pesticides and organic farming 

• Acid rain 

• Water quality 

• Droughts 

• Recycling 

• Environmental stewardship 

• Endangered species 

• Oil spills 

• Results of pesticide use 

• Food additives 

• Poaching 

• Zoo questions 




• Systems and cycles 

• Population explosion 

• Wildlife trade (exotic pets) 

• Ozone depletion 

• Rain forests 

• Habitat destruction 

• Envirorunental organiza^ons 

• Global warming 

• Deforestation 

• Soil Conservation 

• Desertification 

• Weather forecasting and how its changed 
our lives? 



The grading of this project will be multi-faceted. 
Each person will be graded according to: 

1. Research time utilization. 

2. Participation in the project. 

3. Creativity. 

4. Final project appearance ! 

5. Accuracy and quality. 

6. Editoral/advertisement/letter duties (week 2), 

7. Knowledge gained. 

8. Meeting the article criteria listed above. 



Time Line for the Magazine 

Day 1 Discussion of magazine project and 
assignment of articles. 

Day 2 School library research time (meet in 
library). 

Day 3 School library research time and write article 
(meet in library). 

Day 4 Complete research and write article. 

Day 5 Type article. 

Day 6 Type article. 

Day 7 Type article. 

Day 8 Complete article. 

Day 9 Editorial and advertisement duties. 

Day 10 Editorial and advertisement duties 

Day 11 Complete all duties and wrap up project. 



Magazine Cover Contest 

A cover for the magazine must designed. The 
winner of the contest will receive a prize. The cover 
designs will be judged by faculty members. All 
contestants must turn their entry into the teacher by 
the date assigned. Only one person may work on an 
entry. The entry should meet the following criteria: 



1. Be on an 8.5 by 11 inch sheet of paper. 

2. Be black and white (no other colors). 

3. A title for the magazine. 

4. Black pen should be used over lines on the 
artwork. 
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Microcosm Lab and Analysis 



Procedure Hypothesis 



Put 400 mL of pond water in a beaker and add 5 mL 
or 100 drops of bromthymol blue indicator. Swirl 
the mixture to get a uniform blue color. The indica- 
tor will not harm any living organisms. 

Label and number sixteen culture tubes following 
the system given in the Data Table, Add 5 grams of 
gravel to those tubes which should receive gravel 
(i,e, tubes # 2 , 5, 6 , and 8), Next, add 15 mL of pond 
water to each tube. Select eight healthy shoots of an 
aquatic plant, each 8 cm in length, and all of the 
same vigor. Also, select eight healthy snails, all of 
approximately the same size. 

Put no organisms into tubes 1 and 2, Place a sprig of 
the aquatic plant into tubes 3, 5, 7, and 8, Put a snail 
into tubes 4, 6, 7, and 8, Place caps or stoppers into 
the tubes and tighten securely. 

On the Data Table for day 1, record the starting 
condition for all 16 tubes, noting the color and 
condition of the water and the vigor and behavior of 
the orgamisms. Be specific (i,e, note the location of 
the sn^ in the test tube, the color of the plant, etc,). 
Wrap aluminum foil around each of the eight test 
tub^ labeled with a D, so that no light enters. Place 
all the tubes in a well lighted place, but out of direct 
sunlight, (The tubes should 1:^ lighted 24 hours a 
day.) 

Exhale through a straw placed into the bromthymol 
blue water remaining in the beaker. Continue 
exhaling for about 1 minute. What do you observe? 

Examine the tubes daily for four more cor\secutive 
days recording your observations in the Data Table, 
Do not interpret your observations. Record just 
what you see! Note the water color and condition of 
the livmg organisms. Be sure to securely re-wrap all 
of the D tubes with foil to block out the light. 



Based on your current knowledge, write down what 
you think will happen in each test tube. Provide a 
ogical explanation for each of your hypotheses. 



Use your data table to answer the analysis questions. 



Microcosm Data Table 
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8 

Water 

Gravel 

Plant 

Animal 
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Microcosm Data Table 

L D (circle) 


7 

Water 

Plant 

Animal 








: 

<: 




6 

Water 

Gravel 

Animal 










5 

Water 

Gravel 

Plant 










4 

Water 

Animal 








' ^ 


3 

Water 

Plant 










2 

Water 

Gravel 










1 

Water 










. L 


Q 










1 






Analysis 



L8 



1. (a) What was the result of blowing exhaled air 

into the bromthymol blue water? 



(b) How would you explain this? List at least 3 
possible factors that could cause the ob- 
served change. 



(c) Which of these factors actually caused the 
change and why? 



2. What makes tubes L8 and D8 a system? 





Inputs 


Outputs 


Energy 






Matter 






Services 







D8 



Inputs 


Outputs 


Energy 




Matter 





Services 



3. (a) What are the subsystems in tubes L8 and 

D8? 



6. Looking at all the tubes, what are the results of 
changes or disruptions of these inputs and 
outputs on the system? 



(b) Compare the subsystems in both tubes. 
How are they similar? How are they 
different? 



7. Give an excunple of a positive feedback in tube 
L8. 



4. How do the subsystems in tubes L8 and D8 

change through time? gve an example of a negative feedback in tube 



5. What are the inputs and outputs of energy, 
matter, services, etc. in tubes L8 and D8? 







9. Give at least 2 ways in which this closed mini- 
ecosystem is similar to the whole Earth system. 



(d) L6 



10. Give at least 2 ways in which this closed mini- 
ecosystem is different from the whole Earth 
system. 



(e) L7 

(f) L8 



11. Do you think that these systems could last for a 
period of time substantially longer than a week. 
Explain your reasoning for each of the following 
tubes: 



12. Develop a diagram of the interactions between 
the atmosphere, biosphere, hydrosphere, 
lithosphere, and exosphere in your microcosm, 
using information from tubes L8 and D8. Use 
arrows to show interactions and give a brief 
explanation of the interaction on each arrow. 



(a)L3 




(b) L4 

(c) L5 





BBSS Student group at Worthington Kilboume High School working on a simulation* 
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Create an Ecosystem 



Introduction 

The interrelationships within an ecosystem are 
among the least understood by scientists. Ecosys- 
tems include many complex factors, both biotic and 
abiotic. Because of this complexity, ecosystems are 
difficult to study. It is even more difficult to repro- 
duce an ecosystem within a laboratory environment. 
However, it will be your task to design an enclosed 
ecosystem, incorporating what you learned over the 
course of the Microcosm Lab, as well as information 
on ecosystems found in the biology, environmental 
science, and Earth science books in the reference 
library at the rear of our classroom. See what you 
can learn about successful terrcirium, vivcirium, and 
aquarium construction and maintenance by consult- 
ing resources in libraries. Read about the Biosphere 
II project, too. 



Starting Point 

The components of your proposed ecosystem need 
to fit into the carboy (plastic jug) that you see in 
front of the room. The carboy will not be cut open in 
order to place the parts of your proposed ecosystem 
within it. Whatever you want to put into the system 
must fit in through ihe narrow neck! Be creative! 
Your proposed ecosystem could either be aquatic or 



terrestrial. Think of the producers, consumers, and 
decomposers that would be necessary to sxistain 
your ecosystem. What ratio of these organisms 
would be most appropriate in order to sustain the 
ecosystem for the longest period of time? Should 
there be more producers or consumers? What about 
decomposers? Your system will be sealed and the 
only input after closure will be light (either natural 
or artificial). 

The Actual Design 

We will share individual ideas and come up with a 
classroom effort in an attempt to design a closed 
ecosystem. We will then spend several days round- 
ing up the materials required to execute the design 
and actually set up the system. Once we set up the 
system, we will monitor the progress of our closed 
ecosystem on a daily basis and maintain records to 
be kept as part of your notebook. You will be asked 
to periodically evaluate the design of our closed 
ecosystem, and offer suggestions for potential 
improvement in the system. 



Your Proposed Design 

Be specific with the details! A sketcli or drawing 
woiild help! The greater the detail the better! 
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Cell Model Rubric 

The maxiimim mimber of extra credit points this effort is worth is 30. 



Authenticity of Model 


0 1 
Poor 


2 


3 


4 5 

Excellent 


Creativity 


0 1 
Boring 


2 


3 


4 5 

Innovative 


Aesthetics 


0 1 
Sloppily executed 


2 


3 


4 5 

Neat 


Usability 


0 1 
Can't figure it out 


2 


3 


4 5 

Clearly labelled 


Originality of Design 


0 1 

Not a novel approach 


2 


3 


4 5 

Neat idea! 


Overall Effort 


0 1 
Just thrown together 


2 


3 


4 5 

A lot of work! 



Total 
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Cell Organelle Project 



Organelle assigned: 

Phone Number: 

Group members: 



To complete this project, your group needs to 

accomplish the following by the assigned date: 

1. Read the xeroxed copy of the introduction on 
the organelle that was given to you. 

2. Use resources available to you in the classroom. 

3. Use resources available in the library. 

4. Consider going to the public library to utilize its 
resources. 

5. Consider using an on-line database like 
CompuServe or Prodigy. 

6. Write a five page, double-spaced paper on your 
organelle using at least f;ve references. Make 
sure that your paper has a complete bibliogra- 
phy. Follow Ylriters, Inc. l or the format for your 
bibliography. The paper should be done using a 
word processing program on the computer. 

7. Prepare a display for your organelle, a poster, a 
model, or some other visual. 

8. Prepare a lesson on your organelle for presenta- 
tion to the class. 

In completing this project, you should address the 

following questions: 

1. What is the basic structure of your organelle? 

2. Where is it located in the cell? 

3. Is your organelle found in both plant and animal 
cells? 

4. What processes take place in your organelle? 

5. Why is your organelle important to the cell? 

6. How is your organelle related to other or- 
ganelles in the cell? 

7. What does your organelle look like? 



Suggestions 

1. Your lesson needs to provide the class with the 
basic information on your organelle outlined 
above. 

2. You will be evaluated by your co-workers for 
your contributions to the group. Your fellow 
class membere will evaluate your display and 
your lesson. Your performance will be evalu- 
ated in all areas: group participation, display, 
lesson, and written repon. 

Organelle Trade Show 

Yc a will coUaboratively develop a report and a 
display on the organelle listed above. Both the report 
and the display are due on the same day at the 
beginning of the class period. The visual display 
should provide information on the organelle, e.g. 
where it is found, what it does, why it is important, 
who discovered it, how it was discovered, its 
structure, etc., as well as an attractive visual (poster, 
drawing, model, transparency). The paper and the 
display should focus on why your particular or- 
ganelle is indispensable to the proper operation of 
die cell as a system. The display should allow other 
students to quickly learn about the importance of 
the organelle by taking notes on your work. Your 
report should be done on a word processor. 

Your evaluation will be based upon: (1) the overall 
appearance of the display, (2) the content of the 
paper, (3) the style of the paper, (4) your partner's 
evaluation of your effort, (5) the reaction of the class 
to your display. You will have some time to research 
your organelle during class and you will cilso have 
access to the computer for word processing your 
report. I would highly recommend that you have 
someone proofread your report. 
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Organelle Trade Show 



Peer Assessment 



Instructions 

Please take some time to honestly evaluate the work The best display in the class was made by : 
of your fellow group members. Think carefully 

before responding and use the following rating 

scale: 



5 Outstanding could have made our display better by : 

4 — Very good 

3 — OK; Adequate 

2 — Could have done better 

1 — Didn't measure up 



Name of group member: 



Participation in planning: 




Participation in research: 



Creative input: 



Contributed materials: 



Evaluation done by: 



Showed interest in project: 



Did what he/she promised: 



Made effort to work cooperatively: 





Jim Immelt one of the BESS originators, 
discusses the use of computers in the program 
Q ^ with Evgeny Nesterov of the Pedagogical 

‘ University of St, Petersburg, Russia, 
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We're Gettin' All Shook Up! 

Background 



In this lab, you will locate some of the world's major earthquakes and mountain ranges. You will then see 
how they are related to other feature on the Earth. To accomplish this, obtain a map of the Earth that shows 
the crustal plate boundaries and volcanoes. Each position listed in the chart is a place where a major earth- 
quake has occurred. On your map, write the letter identifying each earthquake at the stated longitude and 
latitude. The position given for each of the major mountain ranges is near the center of the range. On your 
map, write the name of each major mountain reinge, as near as you can, to the proper latitude and longitude. 



Earthquake 


Longitude 


Latitude 


A — China 


110°E 


35°N 


B — India 


88°E 


22°N 


C — Pakistan 


65“E 


25°N 


D — Syria 


36“E 


34°N 


E — Italy 


16“E 


38“N 


F — Portugal 


9°W 


38“N 


G— Chile 


72°Vf 


33=5 


H— Chile 


75“W 


50'S 


I — Equador 


78°W 


O'" 


j — Nicaragua 


85“W 


13°N 


K — Guatemala 


91°W 


15°N 


L — California 


118°W 


34°N 


M — California 


122°W 


37“N 


N — Alaska 


150“W 


ei^N 


O — ^Japan 


139°E 


36°N 


P — ^Japan 


143“E 


43°N 


Mountain Range 


Longitude 


Latitude 


Himalayas 


75“E 


30“N 


Alps 


KPE 


45“N 


Atlas 


0“ 


30“N 


Appalachian 


80“W 


40“N 


Andes 


70°W 


30°S 


Coast 


120°W 


40“N 



Questions 

1. E>escribe the general relationship between the earthquake regions and the crustal plates. 

2. Describe the general relationship between the moimtain ranges listed and the crustal plates. 

3. How are the positions of the earthquakes, volcanoes, and moimtain ranges related? 

4. Are all the earthquakes listed foimd along the edges of crustal plates? Why or why not? 

5. Are all the moimtain ranges listed foimd along the edges of crustal plates? Why or why not? 
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Change 



Introduction 

Our world and universe are not the same from year 
to year, or even from day to day Change is every- 
where. Much of what interests scientists and much 
of what scientists investigate involves changes in 
one form or another— changes in the Earth and its 
organisms. Let's take some time to observe the 
changes that occur around us every day. 



Looking for Change 

We cannot always be on hand to witness change; 
often, we must reconstruct events from clues left 
behind, Uke tell-tale fingerprints left behind at the 
scene of a crime. This process is known as infer- 
ence. Unlike direct observations, inferences are 
conclusions based upon careful observation and 
data gathering. For example, if you saw a tree 
stump with bite marks on it, you might infer that a 
beaver cut down the tree. You can't say that with 
100% certainty, because you didn't actually see the 
beaver bite through the tree trunk. 

Inference is an important tool in science. Direct 
observation of specific events might be impossible 
during a scientific investigation; inference allows 
scientists to investigate tentative events from 
observed evidence. In this activity, you will use the 
scientific tools of observation and inference to gather 
evidence of change. 



Materials 

• Notebook 

• Camera (optional) 

• Pencil 

• Video Recorder (optional) 

• Magazines (optional) 

• Newspapers (optional) 



Pre-Investigation Activity 

Consider what the word change means to you. To 

help you do this, think about the following ques- 
tions; 

• When something is different from when you last 
observed it, what happened? 

• How do you measure change? 

• What do large differences over a short period of 
time indicate? 

• What do small differences over a long period of 
time indicate? 

• What cue examples of things that do not chcinge? 

• What areas in our community are changing? 



The Activity 

You may elect to do this activity by yourself or with 
one or two others. Investigate different areas for 
evidence of change. You might decide to use 
magazines or newspapers to gather evidence of 
change. 

Identify as many different kinds of change as 
possible. Take careful notes and include evidence of 
the following changes: 

• Changes that have occurred over long periods of 
time. 

• Changes that have occurred over short periods 
of time. 

• Changes that are caused by organisms. 

• Changes that affected organisms. 

If you decide to look around, you can make sketches 
of what you observe to share with your classmates. 
If you desire, you can tcike photographs or use a 
camcorder to record what you see and make a video 
tape to share with the class. If you decide to use 
photos from magazines and/or newspapers, mount 
them on some poster board to make a neat display 
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The Presentation 

Prepare a presentation for the class. In your presen- 
tation, describe the evidence of change that you have 
identified. Include the following information in 
your presentation: 

• Describe how you know that a particular change 
has occurred during only a short period of time. 
Identify the force or forces that caused the 
change. 

• Describe how you know that a particular change 
has occurred during a long period of time. 
Identify the force or forces that caused the 
change. 

• Describe how you know that organisms caused 
a particular change (humans, other animals, 
plants or microbes). 

• Develop some hypotheses to explain how 
populations of organisms might be affected by 
these changes. 



Answer these questions on a separate sheet 
of paper ready to he turned in when you 
make your presentation: 

1. When did you use inference in your investiga- 
tion? 

2. To what degree is the physical envirorunent of 
our community changing? 

3. How do environmental changes affect humans, 
other cinimals, plants, and microbes in our 
community? How do organisms change the 
environment? 

4. If you could travel 10 years into the future, what 
changes would you expect to find in your 
community? What if you traveled 100 years into 
the future? 
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Plate Tectonics 



The Puzzle of the Continents 

Answer the followuig on separate sheets of paper. 

1. Summarize three pieces of evidence that prompted Alfred Wegener to formulate his Continental E>rift 
hypothesis. 

2. How do oceanic plates and continental plates differ in their dexxsiiy? Explain the consequences of each of 
the following based upon your answer. Use diagreims. 

a. Collision of two continental plates. 

b. Collision of two oceanic plates. 

c. Collision of a continental plate and an ocecinic plate. 

3. What techniques did scientists use to demonstrate the presence of extensive mountain ranges beneath the 
ocean? 

4. What evidence have scientists collected to verify that seafloor spreading has occurred? 

5. There are three types of boundaries between plates. Name each type, explain the type of movement 
occurring at the boundary, and give an example of a locale where each type of boundary exists. 

6. What kinds of plate interactions do you think may have caused the following earthquakes: 

a. San Francisco (1906 and 1!?89) 

b. Tokyo (1923) 

c. Anchorage (1964) 

d. Mexico City (1985) 

e. Northridge-Los Angeles (1994) 

f. Kobe (1995) 

7. Explain the origin of island arcs like the island chain of Hawaii. 

8. The rates of movement along plate boundaries have a range of 1 to 10 centimeters per year. Assuming the 
average rate of spreading along the Mid- Atlantic Ridge is 5 centimeters per year and knowing that the 
average distance across the Atlantic Ocean is about 5,000 kilometers, calculate how many years it has 
taken the Atlantic to open to its present position. 

9. Using the same rate of spreading in question #8, determine how long it will take for the cities of Los 
Angeles and San Francisco (now separated by 650 kilometers) to join along the transform boundary of the 
western edge of the North American plate. 

10. Assume that spreading rates are the same as in question #8, use a map of the world to predict how the 
positions of continents and shapes of oceans mi^t change over the next 100 million years if: 

a. divergence continues along the Red Sea and the Gulf of Aden. 

b. a new plate boundary is created where the southern Atlantic Ocean begins to subduct beneath the 
east coast of South America. 

c. the African Plate pushes northward into the Eurasian Plate. 

d. rifting along the Gulf of California extends northward. 

11. Do you think that there is any connection between the development and understanding of the theory of 
plate tectonics and the rapid advances in remote sensing technology over the past 30^ years? Explain. 
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Jurassic Park Activity 



Now that you have read Jurassic Park in its entirety, 
you have several options to select from for this 
project. Choose one of the options, carry out the 
project, and be prepared to turn it in on the due date. 

1. Choose one of the scientific/technological 
concepts or objects from the novel and write a 
report on it. Some possibilities would include 
genetic engineering, CD-ROM technology, 
electric vehicles, etc. Your report should be word 
processed, at least four pages in length, and 
include your references. Be prepared to give a 
short oral presentation on your topic. 

2. Build a diorama or model of Isla Nublar and 
Jurassic Park based upon the descriptions in the 
novel. You can select whatever medium that you 
want for your model (plaster, paper-mache, clay, 
wood, paper, etc.). Let your creativity run wild! 

3. Prepare an oral and a written report on one of 
the species of dinosaur found in Jurassic Park. 

This report could be accompanied by laser- 
video disk images of dinosaurs available 
through the library. Alternatively, you might 
want to build a model of your dinosaur or make 
a poster. Your written report should be word 
processed, at least three pages in length, and 
include references. You could even elect to do a 
HyperCard Stack (maybe even with authentic 
dinosaur sounds?)! 

4. Prepare an oral and a written report on one of 
the scientific careers mentioned in the book. 

Your report should include the kind of educa- 
tion and/or training required for the career you 
selected, as well as a thorough discussion of 
what an individual engaged in this career 
actually does. Your written report should be at 
least three pages in length, be word processed, 
and include references. One or more graphics 
should accompany your oral report. Another 
option would be to do your report on 
HyperCard! 

5. Design a game based on the novel. It could be a 
bocird game, maybe tracing the route of Lex, 

2 4 7 



Tun, Grant, Malcolm, and Regis on their ill- 
fated trip through Jurassic Park. You might 
want to make the game board into the shape of 
the island. Let your imagination take over! 

6. Geologic history is punctuated by many extinc- 
tion events. Write a three-page paper exploring 
one of the theories relating to mass extinction. 
You might want to focus on the sudden disap- 
pearance of the dinosaurs at the end of the 
Cretaceous era, since the novel you just com- 
pleted deals with dinosaurs. Make sure that you 
cite at least four references. Be prepared to give 
a brief oral report on your paper. 

7. For those of you who are into philosophy and 
ethics, who, in your estimation, was the 
greatest villain in the novel? Write a four-page 
paper, citing at least three pieces of evidence to 
support your claim. Be prepared to give a brief 
or^ presentation defending your choice. 

8. Can't find anything you like? You can contract 
with your instructor to do something else based 
on Jurassic Park. It's up to you! 




Rasanne Fortner. BESS AdxHsor and 
student parent, sized up a dinosaur hone at 
the museum at Dinosaur National 
Monument in northwestern Colorado. 
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Mutations and Misconceptions 



Introduction 

How do you feel about releasing genetically engi- 
neered mutant organisms into the environment? Do 
you understand why it is so difficult to control a 
virus, such as AIDS, that is continually mutating? 

You need to come to a clear understanding of the 
terms mutant and mutation if you are to make 
informed decisions about your life. 

Background 

The types of mutations you will be looking for are 
those that are called spontaneous. These are muta- 
tions that occur during normal cell reproduction due 
to errors in DNA replication, rather than resulting 
from large doses of radiation, cancer-producing 
agents (carcinogens), or other chemicals that cause 
mutations (mutagens). These latter types are called 
induced mutations. Mutagens simply increase the 
frequency of mutation events over the spontaneous 
rates of mutations that occur in nature. Spontaneous 
mutation rates range from about 1 in 1,000,000,000 (1 
in 10’) to 1 in 1,000,000 (1 in 10^), whereas induced 
mutation rates occur at a greater frequency, from 1 in 
1,000,000 (1 in 10") to 1 in 1,000 (1 in 1(P). 

In this lab, you will be looking for spontaneous 
mutations conferring resistance to the antibiotic, 
streptomycin. 

Procedure 

Day One: Starting the culture 

1. Obtain a petri dish with solidified culture 
medium from your instructor. Make sure that 
the culture medium is free from any contaminat- 
ing bacteria or fungi. 

2. Using good aseptic technique, transfer a drop of 
the soil slurry to your culture dish by the 
conventional plate streaking method. 

3. Turn the plates upside down and let them 
incubate at room temperature. 



Day Two: Setting up a purification plate 
1. Check your plate. Select a colony of bacteria for 
further study. Avoid using too much of the 
bacterial colony for streaking onto your second 
agar plate. Use just enough sample (termed the 
inoculum) so that it is visible on the loop. Even 
though it appears that you eiren't using enough 
material, there are several thousand orgaiusms 
that will provide more than enough material for 
the purification step. 

Day Three: Establishing a broth culture 
1. Take a slightly larger sample from a well- 
isolated colony on the purification plate and 
transfer it to a broth culture. Incubate for 24-48 
hours. Check the tubes each day. The tubes will 
become cloudy (turbid), indicating the establish- 
ment of a bacterial colony. Tap the bottom of the 
tube with your forefinger to agitate the 
sedimented bacteria. 

Day Four or Five: The Minimum Inhibitory 
Concentration (MIC) Test 

Obtain a gradient plate from your instructor. 
This plate has an antibiotic incorporated into it 
along a concentration gradient. 

Take a loopful of the test bacterium broth and 
use it to inoculate the surface of the gradient 
plate. Do this by streaking in a single line from 
the 0 }Xg/mL edge of the plate to the other side. 
Up to four individuals may use the same 
gradient plate being careful not to mix their 
streeik into others on the plate and also being 
careful to keep track of which streeik belongs to 
who. 

Mark arrows on the bottom of the plate in the 
direction of the gradient (zero to maximum) to 
use as a guideline. Number the arrows for 
reference. Incubate the plates upside down. 
Transfer a small sample from your broth culture 
to an agar slant to serve as a stock culture. 
Inoculate the slant by carefully "zig-zagging" 
the inoculating loop across the surface of the 
agar slant. Be careful not to cut into the surface 
of the agar slant. Incubate the agar slant. 



1 . 
2 . 

3. 

4. 

21b 
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Results 

When growth appears on the gradient plate, it will 
form a continuous path up to the point that approxi- 
mately represents the minimum inhibitory concen- 
tration (MIC). Then, the growth will end. Deter- 
mine the MIC by measuring, along the diameter of 
the plate, the distance from the 0 |ig/mL edge to the 
point where the bacterial growth ends, and dividing 
that distance by the total distance from the 0 |ig/mL 
edge to the maximum concentration mark. Since the 
concentration of the antibiotic is linear, take the 
resulting value and multiply by the concentration of 
the antibiotic provided to you by your instructor. 



SiGNinCANCE 

1. What is a mutant? 

2. What are some different types of mutations? 
How do they differ? 

3. Why do physicians use different antibiotics to 
treat different diseases? 

4. Why do some antibiotic treatments for bacterial 
infections sometimes fail? 



Questions 

1. What did your results show? Etescribe what 
your streak on the gradient plate looks like. 

2. What is the significance of a culture where 
bacteria grow all along the antibiotic gradient? 

3. What might the significance be of a culture in 
which bacterial growth stopped at a certain 
point along the gradient and then resumed 
further along the gradient? 

4. Do you have a plate that displays this type of 
pattern? If you do, you should repeat the 
experiment with a fresh broth culture of the 
mutant. 




BESS teachers Kim BUica, Cindy Popp, Vince Drombetti and Don Hyatt discussing the BESS 
Program with teachers attending an HSTA Regional Convention. 



n 




o 

ERIC 






SimLife Project 



Introduction 



Now that you have mastered the SimLife Tutorial 
and have had the opportunity to study natural 
selection, it's time to desigrt an investigation on your 
own. Here's the scoop. Your group should decide 
on an investigation using the list of possibilities 
below, or, you can come up with an investigation on 
your own. Take a look at all the variables and 
parameters that you can control with SimLife! 
Literally, the sky is the limit for this one! It would be 
best to just look at one or at most a few factors in 
your design — if you don't, you run the risk of 
getting bogged down, as things will get very compli- 
cated very quickly. 



You will be asked to explain the whys and where- 
fores of your investigation to the class and to 
describe and interpret the results in a short presenta- 
tion. Each group will have around 5 to 10 minutes 
to do this, so get designing and simulating! A good 
way to do this would be to use graphs and/ or charts 
showing your findings. You will be expected to turn 
in your investigation saved on your computer disk 
and turn in the completed data sheets which you 
will be provided with. Your group should also turn 
in a written proposal of what you intend to do by 
the end of class. You will have class time to set up 
your investigations, run them, and collect data for 
two days. 



There are an unlimited number of investigations you 
can design and run with SimLife. Here are just a 
few ideas to get you started. 



Seed-Eaters and Plants 

Design an investigation to see if, on the whole, seed- 
eaters do more damage or good to plcint popula- 
tions. Things to keep in mind: 



Many seeds don't sprout if they don't have the 
right genes for sprouting temperature and 
moisture. 

Seeds that don't sprout take up room that could 
otherwise be exploited by seeds that do sprout. 
Sjeeds that are eaten never sprout. 



The Battle of the Sexless 
Design an investigation that shows whether or not 
sexual reproduction (as opposed to asexual repro- 
duction) provides an advantage to a species. Keep 
in mind: 

• The vast majority of species on Earth use sex 
during reproduction to expand their gene pool. 

• Sexual reproduction requires the large energy 
expense of finding and courting a mate that 
could otherwise be used to find food or directly 
increcise the population. 

• What is there in the real world that's missing 
from SimLife that might make your results 
different? 



Other Worlds 

A food web that is successful in Earth-like sur- 
roundings might not do as well if transplanted to 
another planet with different gravity, different ocean 
viscosity, and/or different energy returns from food 
sources. 

Design an investigation that simulates another 
world, set loose some life, and see what happens. 
Then determine the genetic changes that would 
allow the life to better survive in the new surround- 
ings. Things to remember: 

• Different types of worlds can be designed in the 
Laws of Physics Wmdow. 

• It will be easier to start with food webs that have 
been proven survivors in cin Earth-like setting. 



Galapagos 

The Galapagos Islcinds contain the best known 
examples of divergent evolution because of isola- 
tion. Design an investigation where two popula- 
tions (one on the mainland, one on an island) are 
isolated from each other, and see if and how the 
paths that evolution follows in the two populations 
differ. Keep in mind: 
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• To get the full effect, and to have different 
evolutionary pressures, make the meiinland 
large, and the island small. 

• Barriers over land or water will block walkers, 
but not fliers. To keep flying creatures from 
crossing the ocean, spreading their genes and 
messing up the investigation, have tl\e island as 
far from the mainland as possible, and set the 
energy requirement for flying so high that an 
animal will starve to death before it can cross the 
ocean. 



Pig Out 

Sometimes colonists bring animals from their old 
homes to new lands. Unfortunately, these animals 
usually escape, and often don't have any natural 
enemies to keep their populations down. A classic 
case is the pig in Hawaii. It not only has no natural 
enemies, but also eats many of the native plants 
down to the roots, killing them. 

Design an investigation to simulate the destruction 
done by pigs in Hawaii, and try to come up with a 
solution to the problem. Remember: 

• Setting the food value of the plants too low in 
the Laws of Physics Window will cause herbi- 
vores to eat the entire plant and not just graze on 
the leaves. 

• Sometimes solutions to problems cause their 
own problems, which are often even worse. 



Cry Wolf 

You may have read the book Never Cry Wolf by 
Farley Mowat or have seen the Disney movie based 
on the book. If you have, you know of the impor- 
tance of the balance between the populations of 
wolves and caribou. 

Design an investigation with a stable cyclic balance 
between wolves (carnivores) and caribou (herbi- 
vores), then go hunting and drastically reduce the 
wolf population. See if reducing the predators is 
better or worse for the prey. Keep in mind: 



• Watch the Population Interaction V^dow first 
for establishing the stable wolf/caribou relation- 
ship, then keep watching to see the results when 
the wolf population drops. 



Inbreeding 

What happens when there is not enough genetic 
diversity within a species' gene pool? An April 1992 
National Geographic article told of the modem day 
woes of lions living in the Ngorongoro Crater in 
Tanzania with just this very problem. 

Design an investigation where a species with very 
little genetic diversity faces a new environmental 
pressure such as dwindling food source, climate 
change, or a new predator. 



The California Water Rush 
F or the past 5 years, California has been suffering 
from a drought. Yet farmers still grow crops that 
require huge amoimts of water and homeowners 
want nice rich, lush, large green (thirsty) lawns. 

Design an investigation where you have many 
water-hungry plants flourishing in a wet environ- 
ment, then slowly start to dry things up. See if you 
can develop new strams of the old plants that 
require less water, or come up with new plants that 
will meet the same needs without requiring the 
same amount of water. 



Independent Project 

Examine the list of all the changes you can do with 
SimLife. All of these changes can be potentially 
used in a SimLife investigation. Formulate a hy- 
pothesis, "If X changes, then Y will happen." All of 
these Changes for SimLife can be used as Xs in your 
hypothesis. Remember, it is best to choose one 
factor to change per investigation, so you can be 
sure which change ydu made caused what change in 
the results, a prerequisite of good investigational 
design! 
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